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(57) An electron-emitting device has a pair of device 
lectrodes formed on a substrate, an electroconductive 
film connecting the device electrodes and an electron- 
emitting region formed in the electroconductive film. The 
electron-emitting device is manufactured by ( 1 ) applying 
an Ink containing the material for producing the electro- 
conductive film to a predetermined position of the sub- 
strate in the form of one or nxjre than one drops by 



means an in k-jet apparatus, (2) drying and/or baking the 
applied drop(s) to turn the drop(s) into an electrocon- 
ductive thin film and (3) applying a voltage to the pair of 
device electrodes to flow an electric current through the 
electroconductive film and produce an electron-emitting 
regbn. The steps (1 ) and (2) are so conducted that the 
electroconductive film formed by the steps (1) and (2) 
have a latent inriage apt to produce an electron -emitting 
regbn by the Joule's heat generated by the step (3). 
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Detscription 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a method of manufacturing 
an electron -emitting device, an electron source and an 
image-forming apparatus comprising such an electron 
source and, more particularly, it relates to a method of 
manufacturing the same by means of an ink-jet tech- 
nique. 

Related Background Art 

Tliore have been known two types of electron-emit- 
ting device; the thermoelectron emission type and the 
cold cathode electron emissbn typo. Of these, the cold 
cathode emission type refers to devices including field 
emission type (hereinafter referred to as the FE type) 
devices, metal/insulation layer/metat type (hereinafter 
r ferred to as the MIM type) electron-emitting devices 
and surface conduction electron-emitting devices. Ex- 
amples of FE type device Include those proposed by W. 
P. Dyke & W. W. Dolan, "Field emissbn', Advance in 
Electron Physics, 8, 89 (1 956) and C. A. Spindt, "PHYS- 
ICAL Properties of thin-film field emission cathodes with 
molybdenum cones", J. Appl. Phys.. 47. 5248 (1976). 
Examples of MIM device are disclosed in papers includ- 
ing C. A. Mead. "Operation of Tunnel-Emission Devic- 
es", J. AppL Phys.. 32, 646 (1961). 

Examples of surface conduct bn electron -emitting 
device Include one proposed by M. I. Elinson. Radio 
Eng. Electron Phys., 10, 1290. (1965). 

A surface conductbn electron-emitting device Is re- 
alized by utilizing the phenomenon that electrons are 
emitted out of a small thin film formed on a substrate 
when an electric current Is forced to flow in parallel with 
the film surface. While Elinson et al. proposes the use 
of Sn02 thin film for a device of this type, the use of Au 
thin film is proposed in [G. Dittmer; "Thin Solid Films", 
9, 317 (1972)] whereas the use of In203/Sn02 thin film 
and that of carljon thin film are discussed respectively 
in [M. Hartwell and C. G, Fonstad: "IEEE Trans. ED 
Conf.", 519 (1975)] and [H. Araki et al.: 'Vacuum". Vol. 
26. No. I.p. 22 (1983)]. 

Fig. 18 of the accompanying drawings schematical- 
ly illustrates a typical surface conduction electron-emit- 
ting device proposed by M. Hartwell. In Fig. 18, refer- 
ence numeral 1 denotes a substrate. Reference numer- 
al 4 denotes an electroconductive thin film normally pre- 
pared by producing an H-shaped thin metal oxide film 
by means of sputtering, part of which is subsequently 
tumed into an electron-emitting region 5 when it Is sub- 
jected to a process of current conduction treatment re- 
ferred to as "energization forming" as described herein- 
after. In Fig. 18, a pair of devic electrodes ar separat- 
ed from each other by a distanc L of 0.5 to Imm and 



the central area of the electroconductive tViin film has a 
width W of 0.1mm . 

Apart from the above device, the applicant of the 
present patent application has proposed a surface con- 
duction electron-emitting device prepared by arranging 
a pair of device electrodes and an electroconductive thin 
film on a substrate in different manufacturing steps as 
typically described in Japanese Patent Application Laid- 
open No. 7-235255. FIGS. 19A and 19B schematically 
illustrate the proposed surface conduction electron- 
emitting device. The electroconductive thin film ar- 
ranged between a pair of device electrodes 2 and 3 is 
preferably made from electroconductive fine particles in 
order to produce an electron-emitting region that oper- 
ates In a desired manner. For instance, a film made from 
fine particles of palladium oxide PdO is preferably used 
for the electroconductive thin film. 

Conventionally, an electron emitting region 5 is pro- 
duced In a surface conductbn electron -emitting devbe 
by subjecting the electroconductive thin film 4 of the de- 
vbe to a current conduction treatment which is referred 
to as "energization forming". In an energization forming 
process, a constant DC voltage or a slowly rising DC 
voltage that rises typically at a rate of 1 V/min. is applied 
to given opposite ends of the electroconductive thin film 
4 to partly destroy, deform or transform the film and pro- 
duce an electron -emitting region 5 which is electrically 
highly resistive. Thus, the electron-emitting region 5 is 
part of the electroconductive thin film 4that typically con- 
tains a fissure or fissures therein so that electrons may 
be emitted from the fissure and Its vicinity Note that, 
once subjected to an energization forming process, a 
surface conduction electron-emitting device comes to 
emit electrons from its electron emitting region 5 when- 
ever an appropriate voltage is applied to the electrocon- 
ductive thin film 4 to make an electric current run through 
the device. 

With the above described energization forming 
process of producing an electron-emitting region, how- 
ever, it Is difficult to satisfactorily control the process par- 
ticularly In terms of where in the electroconductive thin 
film the electron-emitting region Is produced and what 
profile it has so that, when a large number of electron- 
emitting devbes are subjected to an energization form- 
ing process, the produced electron-emitting regions 
may vary from device to device in terms of the locatkxi 
in the electroconductive thin film and the profile. In some 
cases, the electron-emitting regbn can show a profile 
meandering between the device electrodes. Such vari- 
ances in the bcation and profile are reflected to the elec- 
tron-emitting perfomrance of the devices so that the 
emission current le and the electron emission efficiency 
(the ratio of the emission current to the current flowing 
through the d vice If or ii=l /If) can vary from devic to 
device. 

Thus, when a large numb r of electron-emitting de- 
vbes ar arrang d on a substrat to fomri an inrtage- 
forming apparatus and a vbeo signal Is applied ther to 
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to^producG a uniform brightness, the emission current 
of the electron-emitting devices can vary from device to 
device to give rise to an image having irr gular bright- 
ness to the detriment of the perfomnance of the appara- 
tus. 

Particularly, if the electron -emitting region of an 
electron-emitting device meanders to a large extent, the 
diameter of the electron beam emitted from it can ex- 
pand to produce a large bright spot on the fluorescent 
film of the image-forming apparatus. Thus, when pixels 
are densely arranged at a high pitch in order to display 
finely defined images, the electron beam emitted from 
an electron-emitting device having a meandering elec- 
tron-emitting region can partly irradiate one or more than 
one neighboring pixels to seriously degrade the quality 
of the displayed image. 

The applicant of the present patent appi (cation has 
so far proposed several techniques that can bypass the 
above Identified problem. For instance, Japanese Pat- 
ent Application Laid-Open No. 1-112633 discloses a 
method of controlling the location of the electron -em it- 
ting region in an electron-emitting device by forming an 
lectroconductive thin film of two electroconductive 
members having different melting points and sutise- 
quently an electron -emitting region at a position located 
along the border line of the two different electroconduc- 
tive members. Japanese Patent Application Laid-Open 
No. 2-247940 discloses a technique of arranging a step- 
fomiing member at a position for producing an electron- 
emitting region and forming an electroconductive thin 
film across the step-forming member to produce a step 
there, along which an electron-emitting region is formed 
thereafter. Japanese Patent Application Laid-Open No. 
8-96699 teaches a technique of using a pair of device 
electrodes having different film thicknesses and forming 
an electron-emitting region along an edge of the device 
electrode having the greater thickness. Finally, Japa- 
nese Patent Application Laid-Open No, 7-325279 
t aches a technique of modifying the composition of part 
of the electroconductive thin film by irradiating it locally 
with a laser beam to increase the electric resistance 
there and turning it into an electron-emitting region by 
energization forming. 

As described above, a number of methods have 
been proposed for controlling the electron-emitting re- 
gion in terms of position and profile in the process of 
producing it by energization forming. All these methods 
are designed to modify part of the electroconductive thin 
film of an electron -emitting device in order to differenti- 
ate it compositionally from the remaining portion of the 
electroconductive thin film by means of a specifically de- 
signed technique such as the use of laser beam or a fine 
processing operation involving the use of a specificalty 
designed member for producing a projection on the de- 
vice or the us of a sharp edge formed on on of the 
device lectrodes. 



SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
method of manufacturing an electron-emitting device, 
5 an electron source comprising a number of such devices 
and an image-forming apparatus using such an electron 
source at bw cost with a reduced number of manufac- 
turing steps. 

Another object of the present invention is to provide 
10 a method of manufacturing electron-emitting devices on 
a mass production basis with an improved yield, an elec- 
tron source comprising a number of such devices and 
an image-forming apparatus using such an electron 
source. 

15 Still another object of the present invention is to pro- 
vkje a method of manufacturing electron-emitting devic- 
es that operate rennarkably uniformly for electron emis- 
sbn, an electron source comprising a number of such 
devices and an image-forming apparatus using such an 
electron source. 

A further object of the present invention is to provide 
a method of manufacturing an electron -emitting device 
capable of positionally controlling the formation of an 
electron-emitting region and a method of an electron 
source comprising a number of such devices and an im- 
age-forming apparatus using such an electron source. 

According to the invention, the above objects are 
achieved by providing a method of manufacturing an 
electron-emitting device having a pair of device elec- 
trodes formed on a substrate, an electroconductive film 
connecting the device electrodes and an electron-omit- 
ting region formed in the electroconductive film charac- 
terized in that it comprises steps of: 

(1) applying an ink containing the material for pro- 
ducing said electroconductive film to a predeter- 
mined position of the substrate in the form of one or 
more than one drops by means an ink-jet appara- 
tus; 

(2) drying and/or baking the applied drop(s) to turn 
the drop(s) into an electroconductive thin film; and 

(3) applying a voltage to the pair of device elec- 
trodes to flow an electric current through said elec- 
troconductive film and produce an electron -emitting 
region; said steps (1 ) and (2) being so conducted 
that the electroconductive film formed by saki steps 
(1 ) and (2) have a latent image apt to produce an 
electron -emitting region by the Joule's heat gener- 
ated by the step (3). 

According to the inventon. there is also provided a 
method of manufacturing an electron-emitting devbe 
having a pair of devk;e electrodes formed on a sub- 
strate, an lectroconductive film connecting th d vie 
electrodes and an lectron -emitting r gion formed in the 
electroconductive film characterized in that it comprises 
a step including a process of producing an electrocon- 
ductive film for forming an electron-emitting r gion by 
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applying a solution containing the material of the lec- 
troconductive film to an area connecting said device 
electrodes in the form of drop(s) by means of an ink-jet 
system and a step of producing an electron-emitting re- 
gion in the eleclroconductive film for forming an elec- 
tron-emitting region and an latent image of the electron- 
emitting region is formed for the electron-emitting region 
in the electroconductrve film during said process of ap- 
plying the solution by means of an ink-jet system. 

According to the invention, there is also provided a 
method of manufacturing an electron source comprising 
a substrate, a plurality of electron -emitting devices ar- 
ranged of the substrate, each having a pair of oppositely 
disposed device electrodes, an electroconductive film 
connecting the device electrodes and an electron-emit- 
ting region formed in an area of the electroconductive 
film, and v/ires connecting the electron-emitting devices, 
characterized in that the electron-emitting devices are 
fonmed by a method as defined above. 

According to the invention, there is also provided a 
method of manufacturing an image-forming apparatus 
comprising an electron source prepared by arranging a 
plurality of electron-emitting devices, each having a pair 
of oppositely disposed device electrodes, an electro- 
conductive film connecting the device electrodes and an 
electron-emitting region formed in an area of the elec- 
troconductive film, and wires connecting the electron- 
emitting devices on an substrate and an image-forming 
member adapted to emit light when Irradiated with elec- 
tron beams emitted from the electron source, said elec- 
tron source and sakJ image-forming member being ar- 
ranged in a vacuum envelope, characterized in that the 
lectron source is formed by a method as defined 
above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1Aand 1Bare schematicviewsof a first elec- 
tron-emitting device realized by applying the present in- 
vention. 

FIGS. 2A and 28 are schematic views of a second 
electron -emitting device realized by applying the 
present inventran. 

FIGS. 3A and 38 are schemata views of a third 
electron -emitting device realized by applying the 
present invention. 

FIGS. 4A and 48 are schematic views of a fourth 
lectron-emltting device realized by applying the 
present invention. 

FIGS, 5Aand 5B are schematic views of a fifth elec- 
tron-emitting device realized by applying the present in- 
V ntion. 

FIGS. 6A and 68 are schematic views of a sixth 
electron -emitting devic realized by applying the 
pres nt invention, 

FIGS. 7Aand7Bar graphs illustrating two different 
puis voltage waveforms that can be used for energiza- 
tion forming for the purpose of th present invent ran. 



FIG. 8 is a schematic illustration of a gauging sys- 
tem to be used to evaluate the electron-emitting per- 
formance of an electron-emitting device manufactured 
by the method of the present invention. 
5 FIG. 9 is a graph showing the relationship between 
the device voltage Vf and the current If flowing through 
an electron -emitting device manufactured by the meth- 
od of the present invention along with the relationship 
between the device voltage Vf and the emission current 
10 le of the device. 

FIG. 1 0 is a schenDatic view of a first electron source 
realized by applying the present invention. 

FIG. 11 is a partly cut away schematic perspective 
view of an image-forming apparatus comprising the 
^5 electron source of FIG. 10. 

FIGS. 12Aand 128 are two possible designs of flu- 
orescent film that can be used for an image-forming ap- 
paratus realized by applying the present invention. 

FIG. 13 is a schematic block diagram of a vacuum 
20 apparatus for manufacturing an image-forming appara- 
tus by applying the present invention. 

FIG. 14 is a circuit diagram for connecting the elec- 
tron source of FIG. 1 0 to a power supply for carrying out 
an energization forming process. 
^5 FIG. 15 is a circuit diagram of a drive circuit that can 
be used to drive an image-forming apparatus manufac- 
tured by the method of the present invention and adapt- 
ed to NTSC signals. 

FIG. 16 is a schematic view of a second electron 
30 source realized by applying the present invention. 

FIG. 17 is a partly cut away schematic perspective 
view of an image-forming apparatus comprising the 
electron source of FIG. 16. 

FIG. 18 is a schematic view of a known electron- 
's emitting device. 

FIGS. 1 9A and 1 98 are schematic views of another 
known electron-emitting device. 

FIGS. 20A through 20G are scherr^tic views illus- 
trating different steps of a method of manufacturing an 
^ electron-emitting device according to the invention. 

FIGS. 21 A and 21 B are schematic views of two dif- 
ferent bubble jet heads that can be used for the purpose 
of the present invention. 

45 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention utilizes some of the advan- 
tages of an ink-jet system to positionally control the for- 

^ mation of an electron-emitting region in an electron- 
emitting device. 

A method of manufacturing a product comprising 
one or more than one electron-emitting devices prefer- 
ably does not involve the use of fine processing opera- 

55 tlon from th viewpoint of cost r duction. For instance, 
the known patt ming op ratbn using a fin processing 
technique such as photolithography for producing an 
electroconductive thin film having a desired profile may 
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bel replaced by the operation of applying a solution con- 
taining a precursor of the electroconducttve thin filnr) to 
a substrate by means of an ink-jet apparatus and there- 
after drying and heating the applied material. However, 
if the use of an ink-jet apparatus involves fin© processing s 
operation for controlling the precise location of the elec- 
tron-emitting region, the advantages of an irjk-jet system 
may probably be lost. Additionally while device elec- 
trodes and wires may be formed in electron-emitting de- 
vices by printing or by means of an ink-jet apparatus, a io 
sharp edge can hardly be produced on the device elec- 
trode by such a technique unlike the case of using fine 
processing operatk)n. 

As described above, any of the known techniques 
of positionally controlling the formation of an electron- is 
emitting region cannot feasibly be used with a method 
of manufacturing an electron-emitting device by means 
of an Ink-jet apparatus. 

Thus, there is ademandforatechnk^uo of posit bn- 
ally controlling the fomnation of an electron-emitting re- 
gbn in an electron -emitting device that can be used with 
a method of producing an electroconductive thin film, 
device electrodes and wires in an electron-emitting de- 
vice. 

Tlie above demand is partlcu larly remarkable in the 25 
field of manufacturing an electron source by arranging 
a targe number of electron-emitting devices on a targe 
substrate by means of an Ink-jet apparatus because this 
manufacturing method is advantageous over a pattern- 
ing method using photolithography in terms of the 30 
number of steps and the facilities require for the manu- 
facture. This invention is achieved on the basis of the 
above observation. According to the Inventbn, there Is 
provided a method of producing an electroconductive 
thin film by applying one or nrwre than one drops of the 3S 
liquid material of the film to a substrate by means of an 
Ink-jet apparatus, wherein a "latent image" of the elec- 
tron-emitting region is formed in the energizatbn form- 
ing process as described earlier in order to positionally 
control the formation of the electron-emitting region. 40 

The drop applied to the substrate typically form a 
substantially circular electroconductive film. The circular 
electroconductive film or Its precursor that Is a metal 
compound is referred to as a "dot" hereinafter Adotmay 
be formed by applying a single drop or a number of ^ 
drops repeatedly to a same spot 

FIGS. 21 A and 21 B schematically illustrate two dif- 
ferent Ink- jet heads 41 that can be used with an ink-jet 
apparatus for the purpose of the invention. These heads 
are specifically adapted to bubble jets (BJ). FIG. 21 A ^ 
shows a head having a single discharge nozzle 44 and 
FIG. 21 B shows a head having a plurality of laterally ar- 
ranged discharge nozzles 44. 

The soluti n of the material of the electroconductiv 
fi Im is heated by a heater 42 arranged along the solution ^ 
conduit 43 leading to the nozzi 44 to instantaneously 
gen rat bubbles, whk;h force a given amount of the 
mat rial solution to b discharg d from the nozzle in the 



form of drops, each weighing several nanograms to tens 
of several nanograms. 

Alternatively a piezo-j t system that discharges 
drops of solution by utilizing the deforming effect of a 
piezoelectric device may be used for the purpose of the 
invention. 

In FIGS. 21A and 218, reference numeral 45 de- 
notes a solution feed pipe connected to a solution stor- 
age tank (not shown) for continuously feeding the head 
41 with the material solutbn. 

The invention provides several different ways for 
fonming an electroconductive film on an electron-emit- 
ting device by means of an ink-jet system, which will be 
described below. 

According to a first aspect of the invention, a plural- 
ity of dots are formed to bridge a pair of device elec- 
trodes and produce an electroconductive film having a 
varying film thbkness so that an area of the film having 
a relatively small thk^kness may be used for a latent Im- 
age of the electron-emitting region. 

The latent image may be kx:ated close to one of the 
device electrodes as shown in FIGS, 1 A, 1 B. 2A and 2B 
or in the middle of the gap between the devce elec- 
trodes as shown in FIGS. 3A and SB. 

An electroconductive film having a varying film 
thickness can be produced either by controlling the 
number of times of applying drops of the material solu- 
tion on a same spot or by applying drops of the material 
solution with varied concentratbns of the film forming 
metal compound. 

It shoukJ be noted that, while drops having a same 
concentration of the film forming metal compound may 
be applied continuously to produce dots 4-1 or 4-2 of 
FIG. 2 A for an electroconductive film with a varying film 
thickness, drops having different concentrations as In- 
dcated by dots 4-1 and 4-2 in FIG. 1A should not be 
applied continuously. In the latter instance, It is neces- 
sary that either dot 4-1 or 4-2 is formed by applying a 
drop and, after drying or baking the drop of the dot, the 
other dot Is produced by applying a drop. Th& reason 
for this is that, if two drops with different concentrations 
are applied successively before the preceding drop suf- 
ficiently dries, the two drops nnay be mixed with each 
other to damage the object of producing a latent innage. 
Also note that this theorem of avoiding mixture of drops 
of different concentrations applies elsewhere in the fol- 
bwing description. 

According to a second aspect of the Invention, the 
electron-emitting region can be positionally controlled 
by utilizing the difference In the current density that may 
arise from a profile of the dot are subjected to energiza- 
tion forming. According to this aspect of the inventbn, 
a dot Is fonned with its center located not exactly in the 
middl of the gap separating the device lectrodes but 
bias d to either on ofthedevce lectrodes so that the 
electroconductiv film covers an edge of one of the de- 
vce electrodes more than a corresponding edg of the 
other device lectrode as shown in FIGS. 4 A and 4B. 
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Wrth this arrangement, the current density will be great- 
er at the edge having a smaller film coverage than at the 
edge having a larger film coverage in the energization 
forming process so that an electron-emitting region is 
apt to be formed along the former edge. While the dis- 
tribution pattern of film thickness of an electroconductlve 
film cannot be defined in a simple manner because it is 
subject to various parameters, the film becomes thicker 
at the center of the dot and thinner in peripheral areas 
under appropriately selected conditions. Therefore, the 
positional arrangement of the electron-emitting region 
can be accurately controlied by selecting appropriate 
conditions for the dot forming process. 

As a result of a series of preliminary studies, it has 
been found that the electron-emitting region of an elec- 
tron-emitting device can be formed along an edge of one 
of the paired device electrodes with certainty if the elec- 
troconductlve film has widths at the corresponding edg- 
es of the device electrodes that satisfy the following re- 
lationship. 

(w^/W2)>2 

where w^ and W2 are the widths of the electroconductlve 
film at the corresponding edges of the device electrodes 
2 and 3. 

While the film coverage may not show any signifi- 
cant difference between the oppositely disposed edges 
of the device electrodes when a plurality of partially 
overlapping dots are fomied akxig the edges, the effect 
of producing an electron-emitting region along either 
one of the edges can be realized by appropriately dif- 
ferentiating the overlapped areas of the dots. 

According to a third aspect of the Invention, the 
electron-emitting region can be positlonally controlled 
by increasing the resistivity of a part of the electrocon- 
ductlve film and using the part having a relatively large 
resistivity for producing a latent Image. 

Techniques that can bo used to produce a part hav- 
ing a relatively large resistivity Include that of applying 
a drop of a solution of a hardly oxidizable metal and that 
of a solution of an easily oxidizable metal to produce a 
dot of the hardly oxidizable metal and that of the oxide 
of the easily oxidizable metal, that of applying drops of 
two solutions of a same metal having different thermal 
decomposabilities to produce a dot of the metal and that 
of the oxide of the metal by appropriately controlling the 
thernnal decomposition process and that of applying 
drops of two different solutions of two different metals 
to produce partly overlapping dots so that an alloy of the 
metals having a resisivity greater than that of either met- 
al Is produced in that area (for instance, dots of Ni and 
Cr can produce an alloy of nick I and chromium, or ni- 
chrome, having a resistivity greater than that of NI and 
that of Cr in the overlapping area). 

In the following description, an area of lectrocon- 
ductiv film that is made apt to produce an lectron- 



emining region in an energization forming process by 
reducing the film thickness or th film width is referred 
to as a "structural latent image", whereas an area of 
electroconductlve film that is made apt to produce an 
5 electron-emitting region in an energization forming proc- 
ess by raising the resistivity is referred to as a "compo- 
sitional latent image V 

While a part of electroconductlve film may be made 
to appear like a latent image by a patterning process 
to involving the use of known fine processing technologies, 
a method according to the invention has the following 
advantage over such a known patterning process in ad- 
dition to the fact that the former is simpler and less costly 
in terms of the number of steps and the apparatus for 
15 producing a latent image. 

When a known patterning technique involving fine 
processing is used for the operation of differentiating the 
thickness of the dots on a substrate to produce an elec- 
tron-emitting region In an electroconductlve film accord- 
ing to the first aspect of the invention or that of applying 
drops of the solutions of different materials to produce 
an electron -emitting region in an electroconductlve film 
according to the third aspect of the invention, part of the 
electroconductlve film or that of the film of the precursor 
has to be subjected to a patteming operation in the first 
place and subsequently either a mask for a lift-off oper- 
ation has to be formed thereon or an etching operation 
for patterning the film additionally formed thereon has 
to be carried out. Then, in order for the above described 
series of operations to be carried out successfully, a 
number of requirements have to be met including that 
the first film has to be strongly adherent to the substrate 
and that the second film layer formed on the first film 
layer has to be selectively etched, whkih by turn impos- 
es a number of restrictions on the material of the elec- 
troconductlve film. Contrary to this, a method according 
to the invention and involving the use of an ink-jet ap- 
paratus does not involve such restrictions and therefore 
can provide a wide variety of candidate materials. In oth- 
er words, a method according to the invention is appli- 
cable to various different combinations of materials for 
the electroconductlve film. 

Now, the present inventk)n will be described by re- 
ferring to FIGS. 1Aand 1B through 6A and 6B Illustrating 
electron -emitting devices realized by using a method 
according to the invention. 

Refemng to FIGS. 1 A and 1 B. the device comprises 
a substrate 1, a pair of devk:e electrodes 2 and 3, an 
electroconductlve film 4 (4-1 and 4-2) and an electron- 
emitting region 5. 

Materials that can be used for the substrate 1 in- 
clude quartz glass, glass containing Impurities such as 
Na to a reduced concentration level, soda-lime glass, 
glass substrat realized by forming an Si02 layer on so- 
da lim glass by means of sputtering and ceramic sub- 
stances such as alumina as well as Si substrate. 

While th oppositely arranged device electrodes 2 
and 3 may be made of any highly conducting material, 
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pr 'ferred candidat materials include metals such as Ni, 
Cr, Au, Mo, W. Pt, Ti. Al, Cu and Pd and their alloys, 
printable conducting materials made ot a metal or a met- 
al oxide selected from Pd. Ag, Au, RuO^, Pd-Ag and 
glass, transparent conducting materials such as IngOg- 
SnOg and semiconductor materials such as polysilicon. 
The distance L separating the device electrodes, the 
I ngth W of the device electrodes, the length W of the 
device electrodes, and other factors for designing a sur- 
face conductbn electron-emitting device according to 
the invention may be determined depending on the ap- 
plication of the device. The distance L separating the 
device electrodes is preferably between hundreds na- 
nometers and hundreds micrometers and, still prefera- 
bly, between several micrometers and tens of several 
micrometers. 

The length W of the device electrodes is preferably 
between several micrometers and hundreds of several 
micrometers depending on the resistance of the elec- 
trodes and the electron-emitting characteristics of the 
device. The film thickness d of the device electrodes 2 
and 3 is between tens of several nanometers and sev- 
eral micrometers. 

A surface conduction electron-emitting device ac- 
cording to the Invention may have a configuratbn other 
than the one illustrated in FIGS. 1 A and IB and, alter- 
natively. It may be prepared by sequentially laying an 
electroconductive film 4 and oppositely disposed device 
electrodes 2 and 3 on a substrate 1 . 

The electroconductive film 4 is preferably made of 
fine particles In order to provide excellent electron-emit- 
ting characteristics. The thickness of the electroconduc- 
tive film 4 is determined as a functbn of the stepped 
coverage of the electroconductive film on the device 
electrodes 2 and 3, the electric resistance between the 
device electrodes 2 and 3 and the parameters for the 
energization forming process that will be described later 
as well as other factors and preferably between hun- 
dreds of several picometers and hundreds of several na- 
nometers and more preferably between a nanometer 
and fifty nanometers. Note that, when a structural latent 
image is formed In a part of the electroconductive film 
having a film thickness differentiated from that of the rest 
of the electroconductive film, the film thickness of that 
part has to be made smaller than that of the rest of the 
electroconductive film and, at the same time, can fall un- 
der the above defined bwer limit value. The electrocon- 
ductive film 4 normally shows a sheet resistance Rs be- 
tween 1 0^ and 1 ti^QJd where Rs is defined by equation 
R=Rs(1/w), R being the electric resistance of a film hav- 
ing a thickness of t, a width of w and a length of 1 . Rs^p/ 
t if the resistivity p of the film is constant and not variable 
depending on the location in the film. 

With any of th above described methods according 
to th Invention, the Rs of the latent image n eds to be 
gr ater than that of th rest of th lectroconductive film 
except the m thod according to th second aspect of 
th invention (although th Rs may be greater in the la- 



tent image than in the rest of the electroconductiv film 
for th method according to th second aspect of the 
invention) and can exceed the above defined upper limit 
value. 

5 For the purpose of the invention, materials that can 
be used for the electroconductive film 4 include metals 
such as Pd. Pt, Ru. Ag, Au, Ti. In, Cu, Cr. Fe, Zn, Sn, 
Ta, W and Pd and oxides of metals such as PdO. SnO^, 
InaOa, PbO and SbgOg. 

10 The temi a "fine particle film" as used herein refers 
to a thin film constituted of a large number of fine parti- 
cles that may be loosely dispersed, tightly arranged or 
mutually and randomly overlapping (to form an island 
structure under certain conditions). The diameter of fine 

15 particles to be used for the purpose of the present In- 
vention is between hundreds of several picometers and 
hundreds of several nanometers and preferably be- 
tween a nanometer and twenty nanometers. 

Since the term 'fine particle' is frequently used 

20 herein, it will be described in greater depth below. 

A small particle is referred to as a "fine particle" and 
a particle smaller than a fine particle is referred to as an 
"ultrafine particle". A particle smaller than an "ultrafine 
particle" and constituted by several hundred atoms is 

25 referred to as a 'cluster". 

However, these definitions are not rigorous and the 
scope of each term can vary depending on the particular 
aspect of the particle to be dealt with. An "ultrafine par- 
ticle" may be referred to simply as a ''fine particle" as in 

30 the case of this patent application. 

■The Experimental Physics Course No. 14: 
Surface/Fine Particle" (ed.. Koreo Kinoshita; Kyoritu 
Publicatbn. September 1, 1986) describes as follows. 
"A fine particle as used herein refers to a particle 

35 having a diameter somewhere between 2 to 3|im and 
lOnm and an ultrafine particle as used herein means a 
particle having a diameter somewhere between 10nm 
and 2 to 3nm. However, these definitions are by no 
means rigorous and an ultrafine particle may also be re- 

^ ferred to simply as a fine particle. Therefore, these def- 
initions are a rule of thumb in any means. A particle con- 
stituted of two to several hundred atoms is called a clus- 
ter." (Ibid., p. 195, 11.22-26) 

Additionally, "Hayashi's Ultrafine Particle Project' of 

45 the New Technology Development Corporation defines 
an 'ultrafine particle" as follows, employing a smaller 
tower limit for the particle size. 

■The Ultrafine Particle Project (1981-1986) under 
the Creative Science and Technology Promoting 

50 Scheme defines an ultrafine particle as a particle having 
a diameter between about 1 and 1 0Onm. This means an 
ultrafine particle Is an agglomerate of about 100 to 10® 
atoms. From the viewpoint of atom, an ultrafine particle 
is a hug or urtrahuge particle." (Ultrafine Particl -Cre- 
ss ativ Scl nee and Technology: d., Chikara Hayashi, 
Ryoji U da, Akira Tazaki; Mita Publication, 1988, p.2, 
1 1 . 1 -4) "A particle snr«ller than an ultrafine partici and 
constituted by sev ral to s veral hundred atoms is re- 
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ferred to as a cluster (Ibid., p.2, 11.12-13) 

Taking the above general definitions into consider- 
ation, the term 'a fine particle" as used herein refers to 
an agglomerate of a large number of atoms and/or mol- 
ecules having a diameter with a lower limit between hun- 
dreds of several picometers and one nanometer and an 
upper limit of several micrometers. 

The electron-emitting region 5 is fomned in part of 
the electroconductfve film 4 and comprises an electri- 
cally highly resistive fissure, although its performance is 
dependent on the thickness, the quality and the nnaterial 
of the electroconductrve film 4 and the energization 
forming process which will be described hereinafter. The 
electron-emitting region 5 may contain in the inside elec- 
troconductive fine particles with a diameter between 
hundreds of several picometere pnd tens of several na- 
nometers that may contain part or all of the elements of 
the material of the electroconductive film 4. Additionally, 
the electron-emitting region 5 and neighboring areas of 
the electroconductive film 4 may contain carbon and one 
or more than one carbon compounds. 

Now, a method of manufacturing an electron-emit- 
ting device according to the invention will be described 
by referring to FIGS. 1 A through 6B illustrating electron- 
emitting devices having different configurations and 
FIGS. 20A through 20G illustrating the steps of manu- 
facturing an electron-emitting device. 

1) After thoroughly cleansing a substrate 1 with de- 
tergent and pure water (FIG. 20 A), pair of device 
electrodes 2 and 3 are formed on the substrate 
(FIG. 20B). Methods that can be used for producing 
the device electrodes include the one with which a 
pasty electroconductive material is applied to the 
substrate by printing to show a desired profile and 
then baked, the one with which a solution of a metal 
compound is applied to the substrate by means of 
an ink-jet apparatus to show a desired profile and 
heated to become an electroconductive substance 
and the one with which depositing a material on the 
substrate for the device electrodes by means of an 
appropriate technique selected from vacuum evap- 
oratbn, sputtering etc. and giving them a predeter- 
mined profile typically by photolithography. Any of 
these methods can be selectively used depending 
on the application of the produced device and other 
considerations. 

2) Thereafter, a material for the electroconductive 
film is applied to the substrate in the form of one or 
more than one drops of the material by means of an 
appropriate drop applicator means such as an ink- 
jet apparatus (the material to be applied as one or 
more than one drops is referred to as 'electrocon- 
ductiv film producing ink' h reinaft r). While the 

lectroconducttve film producing ink nray be used 
in any form so long as it can be applied to the sub- 
strate by a drop applicator means, a dispersive so- 
lution containing fine particles of an el ctroconduc- 



tive material such as one of the above listed metals 
or a solution of a metal compound (using water or 
an organic solvent for the solvent) may preferably 
be used. 

When the electroconductive film is made of a metal, 
an alloy or a metal compound, the metal content of the 
electroconductive film producing ink is preferably be- 
tween 0.01 and 5wt%, although the appropriate range 
of the content may vary depending on the metal involved 
or the type of the metal compound. If the content is too 
bw, a large numberof drops of the ink have to be applied 
to the substrate to produce an electroconductive film 
having a desired film thickness to consequently con- 
sume a long operation time and nr^ke it difficult to pro- 
duce an electroconductive film having a desired profile. 
If the content is too high, the produced electroconduc- 
tive film can show an uneven film thickness to make it 
difficult to precisely control the electron-emitting per- 
formance of the device. 

Firstly, technk^ues that can be used tor forming a 
structural latent image will be described. 

FIGS. 1A and IB are schemata views of an elec- 
troconductive film realized in the form of a pair of dots 
having different film thicknesses that partly overlap one 
on the other Two electroconductive film producing inks 
with different metal contents may be used so that the 
dot having a greater film thickness may be produced 
from the ink having a higher metal content whereas the 
dot having a smaller film thickness nnay be produced 
from the ink having a lower metal content. Alternatively, 
the film thickness of the dots may be differentiated by 
applying different numbers of drops of a same ink. 

The manufacturing steps of FIGS. 20C through 20E 
correspond to the device of FIGS. 1A and IB. A drop 
46-1 of the ink with a higher metal content is discharged 
from the discharge nozzle 44 of an ink-jet apparatus to 
the substrate in such a way that it partly covers one of 
the device electrodes, or device electrode 2 (FIG. 20C). 
Thereafter, the drop is baked to produce a dot 4-1 of 
electroconductive film having a greater film thickness 
(FIG. 20D). 

Subsequently, a drop 46-2 of the ink with a lower 
metal content is discharged to the substrate (FIG. 20E) 
in such a way that it partly covers the other device elec- 
trode, or devca electrode 3 and overlaps the drop 4-1 
(FIG. 20F). Note, however, the first drop may not be 
baked but only dried in the initial stages and may be 
baked after applying the second drop to produce an 
electroconductive film depending on the type of the ink. 

The above procedures of applying inks with differ- 
ent metal contents may be followed for any of the other 
techniques of the inventbn. 

Referring to FIGS. 1 A and 1 B, the dot located close 
to the device electrode 3 has a smaller film thickness 
and an electron- mitting region or a structural latent im- 
ag is apt to be produc d there particularly in an area 
abng or adjacent to the related edge of th device elec- 
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trope 3 that can show a particularly small film thickness 
when the ratio of the thickness of the device electrode 
and that of the electroconductiv film. The arrangement 
of FIGS. 2A and 2B is similar to that of FIGS. 1 A and 1 B 
and differs from the latter only in that the electroconduc- 
tive film is formed to show a large width. 

As a result of a preliminary study for looking into the 
positional controllability of the electron -emitting region 
as a function of the difference of film thickness between 
the thck film portran and the thin film portbn, it was 
found that the electron-emitting regran can be position- 
ally rigorously controlled when the thick film portion has 
a film thickness more than twice greater than that of the 
thin film portion, although this difference may not pro- 
vide an absolute condition for the control of the electron- 
.omitting region because the region can be positionally 
controlled with a ratk> smaller than 2: 1 depending on the 
materials and the profiles of the substrate, the devce 
electrode and the electroconductive film. 

FIGS. 3A and 38 show an electron-emitting device 
having dots with a small film thickness arranged along 
the center line of the gap separating the device elec- 
trodes. The dots can be formed by the above described 
technique. 

FIGS. 4A and 48 show an electron-emitting device 
having a relatively large dot with its center displaced to 
the side of the devce electrode 2 from the center line of 
the gap separating the device electrodes. Since the dot 
of electroconductive film has a small width along the re- 
lated edge of the device electrode 3, an electron^mit- 
ting region is nrwst probably fomned atong this edge. If 
the dot has a radius of R, the gap separating the device 
electrodes is L and the center of the dot is displaced 
from the center line of the gap separating the device 
electrodes is L, the width w^ of the electroconductive 
film along the related edge of the devk:e electrode 2 and 
the width W2 of the electroconductive film along the cor- 
responding edge of the device electrode 3 will be ex- 
pressed by the following equations. 



The requirement for producing an electron -emitting 
region atong the edge of the device electrode 3 with cer- 
tainty is (W|/w2)=>2, which can be expressed as follows. 



f ^2 

Thus, a value satisfying the above r quir ment 



should be selected for 5L. 

When a plurality of dots are arranged perp ndicu- 
larly along a line connecting the device electrodes in a 
partially overlapped manner, a value satisfying the 
5 above requirement for a pair of dots shoub be selected 
for 5L. 

Now, techniques that can be used for forming a 
compositional latent image will be described. 

FIGS. 5A and SB are schemata views of an elec- 
10 troconductive film realized in the form of a plurality of 
dots arranged along a line connecting a pair of device 
electrodes, which dots subsequently become a portion 
with a relatively tow resistance 4-1 and a portion with a 
relatively high resistance 4-2 of electroconductive film 
'5 after a baking process. 

As described earlier, a number of different tech- 
nk^ues can be used to differentiate the resistance of the 
two porttons. 

According to a first technique, the dots are formed 

20 by using an electroconductive film producing ink con- 
taining a hardily oxidizable metal and an electroconduc- 
tive film producing ink containing an easily oxidizable 
metal to produce an electroconductive portion (4-1) 
made of the hardly oxidizable metal and an electrocon- 

25 ductlve portion (402) of the oxkle of the easily oxidizable 
metal. For example, Pt and Pd may be selected respec- 
tively for the hardly oxkJizable metal and the easily oxi- 
dizable metal to produce an electroconductive film com- 
prising metal R and the oxkJe of Pd (PdO). The dots 

30 may be formed by using an electroconductive film pro- 
ducing Inks containing compounds of the respective 
metals, which compounds may be thereafter themnally 
decomposed in an oxidizing atmosphere to produce the 
metal and the metal oxide. Altematively, If the easily ox- 

35 kiizable metal Is Pd, the Pd compound may be thermally 
decomposed in an oxdizing atmosphere to produce 
metal Pd, which is subsequently oxklized by heat treat- 
ment In an oxidizing atnx)sphere to produce PdO. 
According to a second technique, electroconduc- 

^ tive film producing inks containing different compounds 
of a common metal having different respective thermal 
decomposition temperatures are used and heat treated 
under appropriate conditions to produce the metal and 
the oxkJe of the metal. While both of the inks can pro- 

^ duce the oxide of the metal if the heat treatment is con- 
ducted for a prolonged period of time, the compound of 
the metal having a tower thermal decomposition tem- 
perature is turned into the oxide of the metal whereas 
the other compound Is treated to produce the metal and 

50 the treatment is completed before the produced metal 
is oxidized by selecting appropriate heating condittons. 

According to a third technique (although the devtoe 
has a configuratton different from that of FIGS. 5A and 
SB), a reducing agent is applied in advanc by means 

55 of an ink-jet apparatus to part of th gap separating the 
device electrodes, .g. locations close to the device 
electrodes, and an electroconductive f i Im is formed ther- 
eon to cover the applied reducing agent and subse- 
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quintly heat treated to reduce the metal compound to 
the metal on th areas of the reducing agent and pro- 
duce the oxide of the metal in the remaining areas of the 
film. Thus, the electroconductive film comprises the 
metal in areas close to the device electrodes and the s 
oxide of the metal which is a compositional latent image 
in a middle area. 

According to a fourth technique, dots of two different 
metals are fomried in a partly overlapping manner as 
shown in FIGS. 6A and 6B to produce an alloy of the io 
metals in the overlapping area of the dots (hereinafter 
referred to as "intersecting area") so that the resistance 
of the intersecting area becomes greater than that of the 
remaining areas. In order to positional ly control the elec- 
tron-emitting region to a satisfactory extent, the resistiv- is 
Ity of the alloy produced in the intersecting area is made 
higher than the resistivity of the metal in the remaining 
areas by the magnitude of double digits. 

3) Thereafter, the device is subjected to a process 
referred to as "energization forming". For the purpose 20 
of the invention, energization forming is a process where 
a voltage is applied to the device electrodes to make an 
electric current flow through the electroconductive film 
formed in the above described process. As a voltage is 
applied to the device electrodes 2 and 3 from a power 25 
source (not shown), a structurally modified electron- 
emitting region 5 is formed in the area of the latent Image 
In the electroconductive film 4. In other words, the elec- 
troconductive thin film 4 Is locally and structurally de- 
stroyed, deformed or transformed to produce an elec- 30 
tron emitting region 5 as a result of an energization form- 
ing process. In FIG. 20G. an electron-emitting region Is 
produced in an area adjacent to the device electrode 3 
where electroconductive film Is thin, although the loca- 
tion and the structure of the latent image may be differ- 3S 
ent from those illustrated in FIG. 20G depending on the 
technique employed to produce the latent Image. 

FIGS. 7Aand 7B shows two different pulse voltages 
that can be used for energization forming. 

The voltage to be used for energizatbn forming 40 
preferably has a pulse waveform. A pulse voltage hav- 
ing a constant height or a constant peak vottage may be 
applied continuously as shown In FIG. 7A or, altema- 
tively, a pulse voltage having an increasing height or an 
increasing peak voltage may be applied as shown in ^ 
FIG. 7B. 

In FIG. 7A, the pulse voltage has a pulse width T^ 
and a pulse inten^al Tg, which are typically between 1 
^sec. and 10 msec, and between 10 ^isec. and 100 
msec, respectively. The height of the triangular wave so 
(the peak voltage for the energization forming operation) 
may be appropriately selected depending on the profile 
of the surface conduction electron-emitting device. The 
voltage is typically applied for between sev ral seconds 
and tens of s veral minutes undertheaboveconditkins. ss 
Not , however, that th pulse wav form is not limited to 
triangular and a rectangular or some oth r waveform 
may alternatively b used. 



FIG. 78 shows a pulse voltage whose pulse height 
increases with time. In FIG. 78, the pulse voltage has 
an width T, and a pulse interval Tg that are substantially 
similar to those of FIG. 7A. The height of the triangular 
wave (the peak voltage for the energization forming op- 
eration) is increased at a rate of, for instance. 0.1V per 
step. 

The energization forming operation will be terminat- 
ed by measuring the current flowing through the device 
electrodes when a voltage that is sufficiently low and 
cannot locally destroy or deform the electroconductive 
film 4 Is applied to the device during an interval Tg of the 
pulse voltage. Typically the energization forming oper- 
ation is terminated when a resistance greater than 1 M 
ohms is observed for the device current running through 
tha electroconductive thin film 4 while applying a voltage 
of approximately 0.1 V to the device electrodes. 

4) After the energization forming process, the de- 
vice is subjected to an activation process. An activation 
process is a process by means of which the device cur- 
rent If and the emission current le are changed remark- 
ably. 

In an activatton process, a pulse voltage may be re- 
peatedly applied to the device as in the case of ener- 
gization forming process, in an atmosphere of the gas 
of an organic substance. The atmosphere may be pro- 
duced by utilizing the organic gas remaining in a vacuum 
chamber after evacuating the chamber by means of an 
oil diffusion pump or a rotary pump or by sufficiently 
evacuating a vacuum chamber by means of an ion pump 
and thereafter introducing the gas of an organic sub- 
stance into the vacuum. The gas pressure of the organic 
substance is determined as a function of the applicatkxi 
of the electron-emitting device to be treated, the profile 
of the vacuum chamber, the type of the organic sub- 
stance and other factors. Organic substances that can 
be suitably used for the purpose of the activation proc- 
ess include aliphatic hydrocarbons such as alkanes, 
alkenes and alkynes, aromatic hydrocarbons, alcohols, 
aldehydes, ketones, amines, organic acids such as, 
phenols, carbonic acids and sulfonic acids. Specific ex- 
amples include saturated hydrocariDons expressed by 
general formula CpHgn+a such as methane, ethane, pro- 
pane, etc., unsaturated hydrocarbons expressed by 
general formula C^Hg^ such as ethylene and propylene, 
benzene, toluene, methanol, ethanol. formaldehyde, 
acetaldehyde. acetone, methylethyl ketone, methyl- 
amine, ethylamine, phenol, formic acid, acetic acid and 
propionic acid as well as mixtures of any of them. As a 
result of an activation process, carbon or a carbon com- 
pound Is deposited on the device out of the organic sub- 
stances existing In the atnrx)sphere to remarkably 
change the device current le and the emission current 
le. 

The activation process is t rminated appropriat ly 
by observing the device current If and the mission cur- 
rent I e. The pulse width, the puis int rval and the pulse 
wave height of the pulse voltag to be used for the ac- 
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tivation may be appropriately selected. 

For the purpose of the present invention, carbon 
and a carbon compound refer to graphite (including so- 
called HOPG, PG and GC, of which HOPG has a sub- 
stantially perfect crystal structure, PG has a somewhat 
distorted crystal structure containing crystalline parti- 
cles with a size of about 20nm and GC has a more dis- 
torted crystal structure containing crystalline particles 
with a size of about 2nm) and noncrystalline carbon 
(amorphous carbon; a mixture of amorphous carbon 
and fine graphite crystal) and the thickness of the de- 
posit of such carbon or a carbon compound is preferably 
I ss than 50nm and more preferably less than 30nm. 

5) The electron-emitting device obtained after the 
above described manufacturing steps is then preferably 
subjected to a stabilization process. This is a process 
for removing any organic substances remaining in the 
vacuum chamber. The vacuuming and exhausting 
equipment to be used for this process preferably does 
not Involve the use of oil so that it may not produce any 
evaporated oil that can adversely affect the perform- 
ance of the device treated by this process. Thus, the use 
of a sorption pump or an ion pump may be a preferable 
choice. 

If an oil diffusion pump or a rotary pump is used for 
the activation process and the organic gas produced by 
the oil is also utilized, the partial pressure of the organic 
gas has to be minimized by any means. The partial pres- 
sure of the organic gas in the vacuum chamber is pref- 
erably lower than 1 .3x1 O^Pa and more preferably lower 
than 1 .3x1 O^^Pa so that no carbon or carbon compound 
may be additionally deposited. The vacuum chamber is 
preferably evacuated after heating the entire chamber 
so that organic molecules adsorbed by the inner walls 
of the vacuum chamber and the electron -emitting device 
in the chamber may also be easily eliminated. While the 
vacuum chamber is heated to 80 to 250^0, preferably 
above ISCC, for a period as long as possible, other 
heating conditions may alternatively be selected de- 
pending on the size and the profile of the vacuum cham- 
ber and the configuration of the electron -emitting device 
to be treated as well as other considerations. The pres- 
sure in the vacuum chamber needs to be made as low 
as possible and It is preferably lower than IxlO'^Pa and 
more preferably lower than LSxIO'^Pa. 

After the stabilization process, the atmosphere for 
driving the electron-emitting device or the electron 
source is preferably same as the one when the stabili- 
zation process is completed, although a lower pressure 
may alternatively be used without damaging the stability 
of operation of the electron-emitting device or the elec- 
tron source if the organic substances in the chamber are 
sufficiently removed. 

By using such an atnrxjsphere, th formation of any 
additional deposit of carbon or a carbon compound can 
be ffectively suppressed and H^, O2 and other sub- 
stances that have been absorbed by the vacuum cham- 
b rand the substrate can be liminated to consequently 



stabilize the device current If and the emission current 
le. 

The performance of a lectron-emitting device pr - 
pared by way of the above processes, to which the 
s present invention is applicable, will be described by re- 
ferring to FIGS 8 and 9. 

FIG. 8 is a schematic block diagram of a vacuum 
processing apparatus comprising a vacuum chamber 
that can be used for the above processes. It can also 
10 be used as a gauging system for determining the per- 
formance of an electron emitting device of the type un- 
der consideration. In FIG. 8. the components of the elec- 
tron-emitting devce that are same as those of the de- 
vbes in FIGS. 1 A and 1 B through 6A and 6B are denot- 
15 ed respectively by the same reference symbols. Refer- 
ring to FIG. 6. the gauging system includes a vacuum 
chamber 11 and a vacuum pump 11 . An electron-emit- 
ting device is placed in the vacuum chamber 11. The 
device comprises a substrate 1 , a pair of device elec- 
trodes 2 and 3, an electroconductive film 4 and an elec- 
tron-emitting region 5. Otherwise, the gauging system 
has a power source 13 for applying a device voltage Vf 
to the device, an ammeter 14 for metering the devbe 
current If running through the electroconductive film 4 
between the device electrodes 2 and 3, an anode 1 5 for 
capturing the emission current I e produced by electrons 
emitted from the electron-emitting re region of the de- 
vce, a high voltage source 16 for applying a voltage to 
the anode 35 of the gauging system and another am- 
meter 17 for metering the emission cunent le produced 
by electrons emitted from the electron-emitting regran 5 
of the device. For determining the performance of the 
electron-emitting device, a voltage between 1 and 10KV 
may be applied to the anode, which is spaced apart from 
the electron emitting device by distance H which is be- 
tween 2mm and 8mm. 

Instruments including a vacuum gauge and other 
pieces of equipment necessary for the gauging system 
are arranged in the vacuum chamber 11 so that the per- 
fonmance of the electron-emitting device or the electron 
source in the chamber may be properly tested. The vac- 
uum pump 12 may be provkied with an ordinary high 
vacuum system comprising a turbo pump or a rotary 
pump and an ultra-high vacuum system comprising an 
bn pump. The vacuum chamber containing an electron 
source therein can be heated by means of a heater (not 
shown). Thus, this vacuum processing apparatus can 
be used for the above described processes including the 
energization forming process and the subsequent proc- 
esses. 

FIG. 9 shows a graph schematcally illustrating the 
relationship between the device voltage Vf and the 
emission current le and the device current If typically 
observed by th gauging system of FIG. 8. Not that 
different units are arbitrarily selected for I and If in FIG. 
9invi w of the fact that le has a magnitude by far smalt r 
than that of If. Note that tx)th th v rtical and transversal 
axes of th graph represent a linear scale. 
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; As seen in FIG. 9. an electron-emitting device ac- 
cording to the invention has three remarkable features 
in terms of emission current le, which will be described 
below. ; 

(i) Firstly, an electron-emitting device Recording to 
the invention shows a sudden and sharp increase 
in the emission current le when the voljage applied 
thereto exceeds a certain level (which fe referred to 
as a threshold voltage hereinafter and indicated by 
Vth in FIG. 9), whereas the emission current le is 
practically undetectable when the applied voltage 
is found lower than the threshold value Vth. Differ- 
ently stated, an electron-emitting device according 
to the invention is a non-linear device having a clear 
threshold voltage Vth to the emission current le. 
(li) Secondly, since the emission current le is highly 
dependent on the device voltage Vf , the former can 
be effectively controlled by way of the latter, 
(ill) Thirdly, the emitted electric charge captured by 
the anode 1 5 Is a function of the duratbn of time of 
application of the device voltage Vf. In other words, 
the amount of electric charge captured by the anode 
15 can be effectively controlled by way of the time 
during which the device voltage Vf Is applied. 

Because of the above remarkable features, it will be 
understood that the electron-emitting behavior of an 
electron source comprising a plurality of electron-emit- 
ting devices according to the invention and hence that 
f an image-forming apparatus Incorporating such an 
lectron source can easily be controlled in response to 
the input signal. Thus, such an electron source and an 
image-fomiing apparatus may find a variety of applica- 
tions. 

On the other hand, the device current If either mo- 
notonically increases relative to the device voltage Vf 
(as shown by a solid line in FIG. 9, a characteristic re- 
ferred to as "Ml characteristic" hereinafter) or changes 
to show a curve (not shown) specific to a voltage-con- 
trolled-negative-resistance characteristic (a character- 
istic referred to as "VCNR characteristic' hereinafter). 
These characteristics of the device current are depend- 
ent on a number of factors Including the PDanufacturing 
method, the conditions where it is gauged and the en- 
vironment for operating the device. 

Now, an electron source and an Image-forming ap- 
paratus to which the present invention is applicable will 
be described. An electron source and hence an image- 
forming apparatus can be realized by arranging a plu- 
rality of electron-emitting devices to which the present 
invention Is applicable on a substrate. 

Electron-emitting devices may be arranged on a 
substrate in a numb r of different nnodes. 

For instance, a number of electron-emitting d vices 
may be arranged in parallel rows along adlrection (h re- 
inafter r ferred to row-direction), each device being con- 
nected by wir s as at opposite ends thereof, and driv n 



to operate by control electrodes (hereinafter referred to 
as grids) arranged in a space above the electron -em it- 
ting devices along a direction perpendicular to the row 
direction (hereinafter referred to as column-direction) to 
s realize a ladder-like arrangement. Alternatively, a plu- 
rality of electron -emitting devices may be arranged in 
rows along an X-direction and columns along an Y-di- 
rection to form a matrix, the X- and Y-directions being 
perpendicular to each other, and the electron-emitting 

10 devices on a same row are connected to a comnDon X- 
directional wire by way of one of the electrodes of each 
device while the electron-emitting devices on a same 
column are connected to a common Y-directbnal wire 
by way of the other electrode of each devkie. The latter 

IS arrangement is referred to as a simple matrix arrange- 
ment. Now. the simple matrix arrangement will be de- 
scribed in detail. 

In view of the above described three basic charac- 
teristic features (i) through (iii) of a surface conduction 

20 electron-emitting device, to which the invention is appli- 
cable, It can be controlled for electron emission by con- 
trolling the wave height and the wave width of the pulse • 
voltage applied to the opposite electrodes of the device 
above the threshold voltage level. On the other hand, 

25 the device does not practically emit any electron below 
the threshold voltage level. Therefore, regardless of the 
number of electron-emitting devices arranged in an ap- 
paratus, desired surface conduction electron-emitting 
devices can be selected and controlled for electron 

30 emission In response to an input signal by applying a 
pulse voltage to each of the selected devices. 

FIG. 1 0 is a schematic plan view of the substrate of 
an electron source realized by arranging a plurality of 
electron-emitting devices, to which the present inven- 

35 tion is applicable, in order to exploit the above charac- 
teristic features. In FIG. 10, the electron source com- 
prises an substrate 21, X-dirctlonal wires 22, Y-dirisc- 
tional wires 23, electron-emitting devices 24 and con- 
necting wires 25. 

^ There are provkled a total of m X-directional wires 
22, which are donated by Dxl, Dx2, Dxm and made 
of an elect roconductive metal produced by vacuum dep- 
osition, printing or sputtering. These wires are so de- 
signed In terms of material, thckness and width that, if 

^ necessary, a substantially equal voltage may be applied 
to the surface conduction electron -emitting devices. A 
total of n Y-directional wires 23 are arranged and donat- 
ed by Dyl, Dy2. Dyn, which are similar to the X-di- 
rectional wires 22 in temis of material, thickness and 

^ width. An interlayer insulation layer (not shown) is dis- 
posed between the m X-directional wires 22 and the n 
Y-directlonal wires 23 to electrically isolate them from 
each other (both m and n are integers). 

The interiayer insulation layer (not shown) is typi- 

55 cally made of Si02 and formed on the ntiresurfac or 
part of th surfac f th insulating substrate 1 to show 
a d sired contour by means of vacuum vaporatton, 
printing, sputtering, tc. For example. It may be formed 
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onjthe entire surfac or part of the surface of the sub- 
strate 21 on which the X-directional wir s 22 are formed. 
The thiclcness, materia! and manufacturing method of 
the inte flayer insulation layer are so selected as to make 
it withstand the potential difference between any of the s 
X-directronal wires 22 and any of the Y-drrectional wire 
23:obsewable at the crossing thereof. Each of the X- 
directional wires 22 and the Y-directional wires 23 is 
drawn out to form an external terminal. 

The oppositely arranged pair of electrodes (not io 
shown) of each of the surface conduction electron-emit- 
ting devices 24 are connected to related one of the m 
X-directional wires 22 and related one of the n Y-direc- 
tional wires 23 by respective connecting wires 25 which 
are made of an electroconductive metal. is 

The electroconductive metal material of the wires 
22 and the wires 23, that of the connecting wires 25 and 
that of the device electrodes may be same or contain 
one or more than one common elements as so many 
ingredients. Alternatively, they may be different from 20 
each other. These materials may be appropriately se- 
lected typically from the candidate materials listed 
above for the device electrodes. If the device electrodes 
and the wires are made of a same material, the wires 
directly connected to the device electrodes may be col- 2S 
lectively called device electrodes without discriminating 
the wires and the device electrodes. 

The X-directional wires 22 are electrically connect- 
ed to a scan signal application means (not shown) for 
applying a scan signal to a selected row of surface con- 30 
ductlon electron-emitting devices 24. On the other hand, 
the Y-directional wires 23 are electrically connected to 
a modulation signal generation means (not shown) for 
applying a modulation signal to a selected column of 
surface conduction electron -emitting devices 24 and 3S 
modulating the selected column according to an input 
signal. Note that the drive signal to be applied to each 
surface conduction electron-emitting device is ex- 
pressed as the voltage difference of the scan signal and 
the nxxlulation signal applied to the device. 40 

In an electron source having a simple matrix wiring 
arrangement as described above, each of the electron- 
emitting devices can be selected and driven to operate 
Independently 

Now, an Image-forming apparatus comprising an 45 
electron source having a simple matrix arrangement as 
described above will be described by referring to FIGS. 
1 1 , 1 2A. 1 2B and 1 4. Fl G. 1 1 is a partially cut away sche- 
matic perspective view of the image forming apparatus 
and FIGS. 12A and 12B show two possible configura- so 
tions of a fluorescent film that can be used for the image 
fomriing apparatus of FIG. 11. whereas FIG. 14isablock 
diagram of a drive circuit for the image fomriing appara- 
tus of FIG. 11 that operat s for NTSC television signals. 

Referring firstly to FIG. 11 illustrating the basic con- ss 
figuration of the display pan I of th image-forming ap- 
paratus, It comprises an electron source substrat 21 of 
the above described type carrying th reon a plurality of 
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electron-emitting devices, a rear plate 31 rigidly holding 
the electron source substrate 21, a face plate 36 pre- 
pared by laying a fluorescent film 34 and a metal back 
35 on the inner surface of a glass substrate 33 and a 
support frame 32. to which the rear plate 31 and the face 
plate 36 are bonded by means of frit glass having a low 
melting point. 

Reference numeral 24 denotes an section that cor- 
responds to the electron-emitting region of the device of 
FIGS. 1A and IB. Reference numerals 22 and 23 re- 
spectively denotes X- and Y-directional wires, each be- 
ing connected to the paired device electrodes 2 and 3 
of the related electron-emitting devices 24. 

While an envetope 37 is formed of the face plate 36, 
the support frame 32 and the rear plate 31 in the above 
described embodiment, the rear plate 31 may be omit- 
ted if the substrate 21 is strong enough by itself because 
the rear plate 31 is provided nnainly for reinforcing the 
substrate 21. If such is the case, an independent rear 
plate 31 may not be required and the substrate 21 may 
be directly bonded to the support frame 32 so that the 
envelope 37 is constituted of a face plate 36, a support 
frame 32 and a substrate 21 . The overall strength of the 
envelope 37 against the atmospheric pressure may be 
increased by arranging a number of support members 
called spacers (not shown) between the face plate 36 
and the rear plate 31 . 

FIGS. 12Aand 128 schematically illustrate two pos- 
sible arrangements of fluorescent film that can be used 
for the purpose of the invention. While the fluorescent 
film 34 may comprise only a single fluorescent body if 
the display panel is used for showing black and white 
pictures, it needs to comprise for displaying color pic- 
tures black conductive members 41 and fluorescent 
bodies 42, of which the former are referred to as black 
stripes or members of a black matrix depending on the 
arrangement of the fluorescent bodies. Black stripes or 
members of a black matrix are arranged for a cotor dis- 
play panel so that the fluorescent bodies 42 of three dif- 
ferent primary colors are made less discriminable and 
the adverse effect of reducing the contrast of displayed 
images of external light reflected by the fluorescent film 
34 is weakened by blackening the surrounding areas. 
While graphite is normally used as a principal ingredient 
of the black stripes, other conductive material having 
bw light transmissivrty and reflectivity may alternatively 
be used. 

A precipitation or printing technique is suitably be 
used for applying a fluorescent material on the glass 
substrate 33 regardless of black and white or color dis- 
play. An ordinary metal back 35 is arranged on the inner 
surface of the fluorescent film 34. The metal back 35 is 
provided in order to enhance the luminance of the dis- 
play panel by causing the rays of light mitted from the 
fluorescent bodies and directed to th inside of the en- 
vebpe to turn back toward the face plate 36, to use it as 
an electrode for applying an acc lerating voltage to 
lectron beams and to protect the fluoresc nt bodies 
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against damag s that may be caused when' negative 
ions generated inside the envelope collide with thenn. It 
is prepared by smoothing the inner surface of the fluo- 
rescent film (in an operation normally called "filming") 
and forming an Al film thereon by vacuum deposition 5 
after forming the fluorescent film. ; 

A transparent electrode (not shown) may be formed 
on the face plate 36 facing the outer surface bf the flu- 
orescent film 34 in order to raise the conductivity of the 
fluorescent film 34. io 

Care should be taken to accurately align each set 
of color fluorescent bodies and an electron-emitting de- 
vice, if a color display is involved, before the above listed 
components of the envelope are bonded together. 

An image-fonming apparatus shown in FIG, 11 can ^5 
be manufactured typically In a manner as described be- 
low. 

Fl G. 1 3 is a block diagram of an apparatus designed 
to manufacture an image-forming apparatus. An image - 
forming apparatus 51 Is connected to a vacuum cham- 20 
ber 53 by way of an exhaust pipe 52 and further to an 
exhaustion apparatus 55 by way of a gate valve 54. The 
vacuum chamber 53 contains therein a pressure gauge 
56, a quadrupole nnass spectrometer 57 and other in- 
struments for detecting the internal pressure and the 2S 
partial pressures of the components of the atmosphere 
in the vacuum chamber. Since it is difficult to directly de- 
t ct the Intemal pressure of the envetope 37 of the im- 
age-forming apparatus 51 , the processing conditions of 
the apparatus are controlled by observing the pressure 30 
in the vacuum chamber 53 and other measurable vari- 
ables. 

The vacuum chamber 53 is further connected with 
a gas feed line 58 for introducing gas into the vacuum 
chamber that is necessary to control the internal condi- 55 
tions of the chamber The opposite end of the gas feed 
line 58 is connected to a supply source 60 of the sub- 
stance to be introduced into the vacuum chamber. A gas 
Introducing rate control means 59 is arranged on the gas 
Introducing line for controlling the rate of supply of the ^ 
substance. The gas introducing rate control means may 
be a slow leak valve or a mass flow controller that can 
control the rate of releasing gas depending on the type 
of the gas to be used. 

The inskJe of the envelope 37 is evacuated by 4S 
means of the arrangement of FIG. 13 and the electron- 
emitting devices of the innage-forming apparatus are 
subjected to energization forming. To carry out this prxx:- 

ss, the Y-<Jirectional wires 23 are connected to a com- 
mon electrode 61 and a pulse voftage is applied to all so 
the electron-emitting devices connected to one of the X- 
directional wires 22 from a power source 62. The pulse 
waveform and the timing of terminating the energization 
forming process may be appropriately determined de- 
pending on the sp cific conditions and requirem nts for 55 
treating the electron -emitting devices as described ear- 
lier on the operation of en rgization forming for a single 

I ctron -emitting device. A puis voltage may be s - 



quentially applied to a plurality of X<iirectional wires, 
shifting the phase of the pulse (scrolling), in order to car- 
ry out the energization forming operation collectively on 
the devices connected to the plurality of X-directional 
wires. In FIG. 14, reference numerals 63 ad 64 respec- 
tively denotes a resistor and an oscilloscope for detect- 
ing the intensity of electric current. 

After completing the energization forming process, 
the apparatus is subjected to an activation process. In 
this process, after sufficiently evacuating the envelope 
37, gas containing organk; substances is introduced into 
It through the gas feed line 58. Alternatively, the enve- 
tope 37 may be evacuated by means of an oil diffusion 
pump or a rotary pump and the residual organs sub- 
stances remaining in the vacuum may be utilized as de- 
scribed earlier for a single electron -emitting devk^e. If 
necessary, Inorganic substances may also be intro- 
duced into the envelope. As a voltage is applied to the 
individual electron-emitting devices in such an atmos- 
phere containing organic substances, carbon or a car- 
bon compound, or a mixture of both, is deposited on the 
electron -emitting region of each electron -emitting de- 
vce to dramatically increase the rate of electron-emit- 
ting as described earlier with regard to a single electron - 
emitting device. The wiring arrangement for energiza- 
tion forming may also be used for the activation process 
so that the voltage is applied to all the electron -emitting 
devices connected to a common directional wire. 

After the activation process, the electron-emitting 
devices are preferably subjected to a stabilization proc- 
ess as in the case of a single electron-emitting devce. 

The envelope 37 is evacuated by way of the ex- 
haust pipe 52. using an oil free exhaust system 55 typ- 
k^lly comprising an ion pump and a sorption pump, 
while heating the inside to 80 to 250**C and maintaining 
the temperature level, until the atmosphere in the insde 
is reduced to a sufficient degree of vacuum containing 
organic substances to a very tow concentration, when it 
is hermetically sealed by heating and melting the ex- 
haust pipe. A getter process may be conducted in order 
to maintain the achieved degree of vacuum In the Inside 
of the envelope 37 after it Is sealed. In a getter process, 
a getter arranged at a predetermined position (not 
shown) in the envelope 37 is heated by means of a re- 
sistance heater or a high frequency heater to form a film 
by vapor deposition immediately before or after the en- 
velope 38 is sealed. A getter typically contains Ba as a 
principal ingredient and can maintain the degree of vac- 
uum established In the envelope 37 by the adsorpton 
effect of the vapor deposition film. 

Now, a drive circuits for driving a display panel com- 
prising an electron source with a simple matrix arrange- 
ment for displaying television images according to NT- 
SC tel vision signals will be described by ref rring to 
FIG. 15. In FIG. 15, reference numeral 71 denotes an 
Image-forming apparatus. Otherwis , the circuit com- 
pris s a scan circuit 72, a control circuit 73, a shift r g- 
ister 74, a line memory 75, a synchronizing signal sep- 
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aration circuit 76 and a modulation signal generator 77. 
Vx and Va in FIG. 15 d note DC voltage sources. 

The image-forming apparatus 71 Is connect d to 
external circuits via terminals Doxl through Doxm, DoyI 
through Doyn and high voltage terminal Hv, of which ter- 5 
minals Doxl through Doxm are designed to receive scan 
signals for sequentially driving on a one-byone basis 
the rows (of N electron-emitting devices) of an electron 
source in the apparatus comprising a number of sur- 
face-conductbn type electron-emitting devices ar- io 
ranged in the form of a matrix having M rows and N col- 
umns. 

On the other hand, terminals DoyI through Doyn are 
designed to receive a modulation signal for controlling 
the output electron beam of each of the surface-conduc- ^5 
tlon type electron-emitting devices of a row selected by 
a scan signal. High voltage terminal Hv is fed by the DC 
voltage source Va with a DC voltage of a level typically 
around lOkV, which is sufficiently high to energize the 
fluorescent bodies of the selected surface-conduction ^ 
type electron-emitting devices. 

The scan circuit 72 operates in a manner as follows. 
ThecircuitcomprisesM switching devices (of which only 
devices SI and Sm are specifically indicated in FIG. 1 3), 
each of which takes either the output voltage of the DC 
voltage source Vx or OV (the ground potential level) and 
comes to be connected with one of the terminals Doxl 
through Doxm of the display panel 71 . Each of the 
switching devices SI through Sm operates in accord- 
ance with control signal Tscan fed from the control circuit 30 
73 and can be prepared by combining transistors such 
as FETs. 

The DC voltage source Vx is so arranged that it pro- 
duces a constant voltage that keeps the drive voltage 
being applied to the devices that are not currently ^ 
scanned under a threshold voltage level as defined by 
the performance of the electron-emitting devices (elec- 
tron-emitting device threshold voltage). 

The control circuit 73 coordinates the operations of 
related conrtponents so that images may be appropriate- ^ 
ly displayed in accordance with externally fed video sig- 
nals. It generates control signals Tscan, Tsft and Tmry 
In response to synchronizing signal Tsync fed from the 
synchronizing signal separation circuit 76, which will be 
described below. 45 

The synchronizing signal separation circuit 76 sep- 
arates the synchronizing signal component and the lu- 
minance signal component form an externally fed NTSC 
television signal and can be easily realized using a pop- 
ularly known frequency separatwn (filter) circuit. Al- 50 
though a synchronizing signal extracted from a televi- 
sion signal by the synchronizing signal separation circuit 
76 is constituted, as well known, of a vertical synchro- 
nizing signal and a horizontal synchronizing signal, it is 
simply designated as Tsync signal her f r convenience ^ 
sak , disr garding its component signals. On the other 
hand, a luminance signal drawn from a television signal, 
which is fed to the shift register 74, is designed as DATA 



signal. 

The shift register 74 carries out for each line a serial/ 
parallel conversion on DATA signals that are serially fed 
on a time series basis in accordance with control signal 
Tsft fed from the control circuit 73. (In other words, a 
control signal Tsft operates as a shift clock for the shift 
register 74. ) A set of data for a line that have undergone 
a serial/parallel conversion (and correspond to a set of 
drive data for n electron-emitting devices) are sent out 
of the shift register 74 as n parallel signals Idl through 
Idn. 

The line memory 75 is a memory for storing a set 
of data for a line, which are signals Idl through Idn, for 
a required period of time according to control signal Tm- 
ry coming from the control circuit 73. The stored data 
are sent out as I'dl through I'dn and fed to nrxxjulation 
signal generator 77. 

Said modulation signal generator 77 is in fact a sig- 
nal source that appropriately drives and nrxxJulates the 
operation of each of the surface-conduct bn type elec- 
tron-emitting devices according to the image data I'dl 
through I'dn and output signals of this device are fed to 
the surface-conduction type electron-emitting devices in 
the display panel 71 via terminals DoyI through Doyn. 

As described above, an electron-emitting device, to 
which the present invention is applicable, is character- 
ized by the following features in terms of emission cur- 
rent le. Firstly, there exists a clear threshold voltage Vth 
and the device emit electrons only a voltage exceeding 
Vth is applied thereto. Secondly, the level of emission 
current le changes as a function of the change in the 
applied voltage above the threshold level Vth. although 
the value of Vth and the relationship between the ap- 
plied voltage and the emission current may vary de- 
pending on the materials, the configuration and the 
manufacturing method of the electron-emitting device. 
More specifically, when a pulse-shaped voltage is ap- 
plied to an electron -emitting device according to the in- 
vention, practically no emission current is generated so 
far as the applied voltage remains under the threshokJ 
level, whereas an electron beam is emitted once the ap- 
plied voltage rises above the threshold level. It shouki 
be noted here that the intensity of an output electron 
beam can be controlled by changing the peak level Vm 
of the pulse-shaped voltage. Additionally, the total 
amount of electric charge of an electron beam can be 
controlled by varying the pulse width Pw. 

Thus, either modulation method or pulse width 
modulatbn may be used for modulating an electron- 
emitting device in response to an input signal. With volt- 
age modulation, a voltage nrxxiulation type circuit is 
used for the modulation signal generator 77 so that the 
peak level of the pulse shaped voltage is nrtodulated ac- 
cording to input data, while th puis width is heb con- 
stant. 

With pulse width modulation, on the other hand, a 
pulse width modulation type circuit is used for th mod- 
ulation signal gen rator 77 so that the pulse width of the 
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applied voltage may be modulated ad according to input 
data, while th peak level of the applied voltage is held 
constant. 

Although it is not particularly mentioned above, the 
shift register 74 and the line memory 75 may be either s 
of digital or of analog signal type so long as serial/par- 
allel conversions and storage of video signals are con- 
ducted at a given rate. 

If digital signal type devices are used, output signal 
DATA of the synchronizing signal separation circuit 76 io 
needs to be digitized. However, such conversion can bo 
easily carried out by arranging an A/D converter at the 
output of the synchronizing signal separation circuit 76. 
It may be needless to say that different circuits may be 
used for the modulation signal generator 77 depending is 
on rf output signals of the line memory 75 are digital sig- 
nals or analog signals. If digital signals are used, a D/A 
converter circuit of a known type may be used for the 
modulation signal generator 77 and an amplifier circuit 
may addltbnally be used, if necessary. As for pulse 20 
width modulatwn, the modulatbn signal generator 77 
can be realized by using a circuit that combines a high 
speed oscillator, a counter for counting the number of 
waves generated by said oscillator and a comparator for 
comparing the output of the counter and that of the 25 
memory. If necessary, am amplifier may be added to am- 
plify the voltage of the output signal of the comparator 
having a modulated pulse width to the level of the drive 
voltage of a surface-conductbn type electron -emitting 
device according to the invention. so 

If. on the other hand, analog signals are used with 
voltage modulation, an amplifier circuit comprising a 
known operational amplifier may suitably be used for the 
modulation signal generator 77 and a level shift circuit 
may be added thereto if necessary. As for pulse wklth 35 
modulation, a known voltage control type oscillatk>n cir- 
cuit (VCO) may be used with, if necessary, an additbnal 
amplifier to be used for voltage amplificatran up to the 
drive voltage of surface-conduction type electron-emit- 
ting device. 40 

With an image forming apparatus comprising a dis- 
play panel 71 and a drive circuit having a configuration 
as described above, to which the present invention is 
applicable, the electron-emitting devices emit electrons 
as a voltage is applied thereto by way of the external 4S 
terminals Doxl through Doxm and DoyI through Doyn. 
Then, the generated electron beams are accelerated by 
applying a high voltage to the metal back 11 5 or a trans- 
parent electrode (not shown) by way of the high voltage 
terminal Hv. The accelerated electrons eventually col- so 
lide with the fluorescent film 114, which by turn emits 
light to produce images. 

The above described configuration of image form- 
ing apparatus is only an example to which th present 
invention is appi cable and may be subjected to various ss 
modifications. The TV signal system to be used with 
such an apparatus is not limited to a particular one and 
any system such as NTSC, PALorSECAMmayf asibly 



be used with it. It is particularly suited for TV signals in- 
volving a larger number of scanning lines (typically of a 
high definition TV system such as the f^USE system) 
because it can be used for a large display panel com- 
prising a large number of pixels. 

Now, an electron source comprising a plurality of 
surface conductbn electron-emitting devices arranged 
in a ladder-like manner on a substrate and an image- 
forming apparatus comprising such an electron source 
will be described by referring to FIGS. 16 and 17. 

Firstly referring to FIG. 16 schematically showing 
an electron source having a ladder-like arrangement, 
reference numeral 21 denotes an electron source sub- 
strate and reference numeral 81 denotes an electron- 
emitting device arranged on the substrate, whereas ref- 
erence numeral 82 and Dxl through DxlO denote com- 
mon wires for connecting the electron-emitting devices. 
The electron-emitting devices 82 are arranged in rows 
(to be referred to as device rows hereinafter) on the sub- 
strate 21 to form an electron source comprising a plu- 
rality of device rows, each row having a plurality of de- 
vices. The surface conduction electron -emitting devices 
of each device row are electrically connected in parallel 
with each other by a pair of common wires so that they 
can be driven independently by applying an appropriate 
drive voltage to the pair of common wires. More specif- 
ically, a voltage exceeding the electron emission thresh- 
okJ level is applied to the device rows to be driven to 
emit electrons, whereas a voltage below the electron 
emission threshokJ level is applied to the remaining de- 
vce rows. Altematively, any two common wires ar- 
ranged bd between two adjacent device rows can share 
a single common wire. Thus, for example, the wires Dx2 
and Dx3 of the common wires Dx2 through Dx9 may be 
replaced by a single wire. 

FIG. 17 is a schematic perspective view of the dis- 
play panel of an image-forming apparatus incorporating 
an electron source having a ladder-like arrangement of 
electron-emitting devices. In FIG. 17, the display panel 
comprises grid electrodes 83, each provkied with a 
number of bores 84 for allowing electrons to pass there- 
through and a set of external terminals 85, or Doxl, 
Dox2, .... Doxm, atong with another set of external ter- 
minals 86, or G1, G2, .... Gn, connected to the respec- 
tive grkJ electrodes 86. The display panel of FIG. 1 7 dif- 
fers from the display panel comprising an electron 
source with a simple matrix arrangement of FIG. 16 
mainly in that the apparatus of FIG. 17 has grid elec- 
trodes 83 arranged between the substrate 21 and the 
face plate 36. 

In FIG. 17, the stripe-shaped grid electrodes 36 are 
arranged between the substrate 21 and the face plate 
36 perpendiculariy relative to the ladder-like device rows 
for modulating lectron beams emitted fronn th surface 
conduct kxi electron- mitting devices, each provided 
with through bores 84 in correspond nee to respective 
electron-emitting devices for allowing electron beanris to 
pass ther through. Note that, however, whil stripe- 
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shaped grid electrodes are shown in FIG. 17. the profile 
and the locations of the electrodes are not limited there- 
to. For example, the grid electrodes may alternativ ly 
be provided with mesh-like openings and arranged 
around or ctose to the surface conduction electron -em it- 5 
ting devices. 

The external terminals 85 and the external termi- 
nals 86 for the grids are electrically connected to a con- 
trol circuit (not shown). 

, An image-forming apparatus having a configuration io 
as described above can be operated for electron beam 
irradiaton by simultaneously applying modulation sig- 
nals to the rows of grid electrodes for a single line of an 
image in synchronism with the operation of driving 
(scanning) the electron -emitting devices on a row by row is 
basis so that the image can be displayed on a line by 
line basis. 

Thus, a display apparatus according to the inven- 
tion and having a configuration as described above can 
have a wide variety of industrial and commercial appli- 20 
cations because rt can operate as a display apparatus 
for television broadcasting, as a terminal apparatus for 
video teleconferencing, as an editing apparatus for still 
and movie pictures, as a terminal apparatus for a com- 
puter system, as an optical printer comprising a photo- 2S 
sensitive drum and in many other ways. 



[Examples] 

Now, the present invention will be described by way 
of examples. 

[Example IJ 

Each of the electron -emitting devices prepared in 
this example had a configuration as schematically illus- 
trated in FIGS. 1 A and 1 B. The steps used for preparing 
the electron-emitting device will be described below. 

The following electroconductive film producing inks 
were used for this example. 

Ink A: An aqueous solution of palladium acetate mo- 
noethanolamine (PAME) with a metal concentration of 
2wt%. 

Ink B; An ink obtained by diluting Ink A with water 
to a volume three times as much as the volume of the 
original ink. 

Before preparing an electron source, the ink dis- 
charging perfomnance of the ink-jet apparatus to be 
used in this example was regulated in the following man- 
ner. 

Firstly, two ink-jet apparatus comprising piezoelec- 
tric devices were charged respectively with the above 
inks. 

The inks were inject dontoapiec of quartz same 
as the one used forth electron sourc substrat in this 
example in dtder to produce film dots, which wer th n 
heat-treated at 300'»C in the atmosphere for 1 0 minutes. 
Then, the thickness and the diameter of ach film dot 



were observed and the ink-jet apparatus w re regulated 
until the film dots of Inks A and B showed respective 
thicknesses of 30nm and 10nm and a same diameter of 
about 20fim. 

Step 1 : 

After fully washing a quartz substrate and drying it, 
a plurality of device electrode pairs and a matrix of wires 
connecting them were fomned on the substrate by 
means of the techniques of vacuum film forming and 
photolithography. The device electrodes were made of 
Ni and 1CX)nm thick. The device electrodes of each pair 
were separated by a distance L of 20^m and had a 
length W of lOOfim. 

Step 2: 

A dots of Ink A was formed on each device electrode 
pair for the electroconductive film 4-1 of FIG. 1A by 
means of the related Ink-jet apparatus. The ink-jet ap- 
paratus was so regulated that the center of the dot was 
displaced from the edge of the device electrode 2 by 
5^m toward the device electrode 3. In this way, a dot 
was formed in position on each and every device elec- 
trode pair on the quartz substrate. 

Step 3: 



30 A dot of Ink B was fomried in a similar manner. The 
center of the dot was displaced from the edge of the de- 
vbe electrode 3 by Spm toward the device electrode 2 
so that the centers of the two dots separated from each 
other by 10|im. 



3S 



Step 4: 



Then, the dots were heated at 300"C in the atmos- 
phere for 10 minutes to produce an electroconductive 
^ film 4 comprising fine particles of PdO between each 
device electrode pair. 

Step 5: 

45 The electroconductive film was then subjected to an 
energizatbn forming process to produce an electron- 
emitting region. A triangular pulse voltage having a 
gradually increasing wave height as shown in FIG. 7B 
was used for energization fomning. All the column-direc- 

so tional wires were connected to the ground and the pulse 
voltage was applied to the row-directional wires on a 
one-by-one basis until an electron -emitting region is 
produced on each and every electron-emitting device of 
the electron source. 

^ When the lectron source was observed through a 
scanning electronic microscope (SEM), it was found that 
an I ctron- mitting region had b n produced in the 
film dot having a smaller thickness at a position along 
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the related edge of the corresponding device lectrode 
in each electron -emitting device. 

Step 6; 

t 

The electron source comprising a number of elec- 
trop-emitting regions was combined with a face plate, a 
rear plate, a support frame and other members to pro- 
duce an image-forming apparatus as illustrated in FIG. 
11. Subsequently, the electron-emitting devices were 
subjected to an activation process. After evacuating the 
inside of the envelope of the image-forming apparatus 
by means of an vacuum/exhaust apparatus and by way 
of an exhaust pipe (not shown), acetone was introduced 
into the envelope and the intemal pressure was regu- 
lated to 1.3x10'iPa. Then, a rectangular pulse voltage 
having a wave height of 16V and a pulse width of 100 
fisec. was applied to all the row-directional wires by 
means of a drive circuit via respective external temii- 
nals. The drive circuit was so arranged that the pulse 
was applied to the row-directional wires cyclically with 
a slightly shifting timing to show a cycle of 60Hz for the 
ntire electron source. The pulse voltage was applied 
for 30 minutes and thereafter the inside of the envelope 
was evacuated for another time. 

Step 7: 

The entire envefope was evacuated at 200*0 until 
the internal pressure fell to 2.7x10-spa after 10 hours. 
Then, the envetope was cooled gradually, while contin- 
uing the evacuation, and finally the exhaust pipe was 
heated, molten and sealed by a means of a bar. There- 
after, the getter (not shown) arranged in the envelope in 
advance was heated by high frequency heating for a 
gettering process. 

The prepared image-forming apparatus was then 
driven for simple matrix operation of the electron-emit- 
ting devices of the electron source by applying a voltage 
of 5kV to the metal back by way of the high voltage ter- 
minal and the emission current of each electron-emitting 
device was observed. The le of the electron-emitting de- 
vices showed a dispersion of 12%. 

[Comparative Example 1 ] 

In this example, an electron source was prepared 
by following the steps of Example 1 except the dots were 
produced simply by means of Ink A in Step 3 and the 
lectron-emitting regbn of each electron-emitting de- 
vice was obsen^ed through an SEM. it was found that 
the electron-emitting region was meandering within a 
range equal to about a half of the distance separating 
the device electrod s. An image-forming apparatus was 
prepar d by using the electron sourc and tested for the 
performance of lectron emission. The I e of the I c- 
tron-emitting devices showed a dispersion of 16%. 



[Example 2] 

Each of the electron-emitting devices prepared in 
this example basically had the configuration as sche- 
5 matically illustrated in FIGS. 3A and 3B. although the 
device electrodes was separated by a distance of 
140fim and five dots having a diameter of SO^im were 
arranged on each row running along a line connecting 
the device electrodes while three dots were arranged 
10 on each column running along a line perpendicular to 
the above line. Of the dots, the three dots of the center 
column were formed by Ink B. whereas all the remaining 
dots were formed by Ink A. The center of each of the 
dots of Ink A along the extreme columns running along 

15 the corresponding edges of the respective device elec- 
trodes was displaced from the corresponding edge by 
1 0^m and that of each of the dots of Ink A arranged in- 
skie was separated from the corresponding edge by 
25nm. The dots of Ink B were arranged along the center 

20 line of the gap separating the devk:e electrodes. The 
centers of any adjacent dots of each column perpendic- 
ular to the line connecting the device electrodes were 
separated by 25nm from each other. 

The electron -emitting region of each electron -em it- 

25 ting device was observed through an SEM to see the 
result of the energization forming process. It was found 
that the electron-emitting region was meandering only 
within the width of 2Q|im along the center line of the gap 
separating the device electrodes, or within the dots 

30 formed by Ink B. 

An image-forming apparatus was prepared by using 
the electron source as in Example 1 and operated to see 
its electron-emitting performance. The le of the electron- 
emitting devices showed a dispersion of 1 2%. 

35 

[Comparative Example 2] 

In this example, an electron source was prepared 
by following the steps of Example 2 except alt the dots 

40 were produced simply by means of Ink A and the elec- 
tron-emitting regfon of each electron-emitting devrce 
was obsen/ed through an SEM. It was found that the 
electron -emitting region was meandering within a range 
equal to about a half of the distance separating the de- 

45 vice electrodes. An image-forming apparatus was pre- 
pared by using the electron source and tested for the 
performance of electron emissbn. The le of the elec- 
tron-emitting devrces showed a dispersion of 18%. 
The size of the bright spots of the image-forming 

50 apparatus of Example 2 and that of Comparative Exam- 
ple 2 were observed. While the bright spots of Example 
2 was about ISO^im large, those of Comparative Exam- 
ple 2 was about 200^m. The difference of SO^im may 
reflect the xtent of meandering of the el ctron -emitting 

55 regbns. 
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[Example 3] 

The electron-emitting devices prepared in this ex- 
ample had the configuration substantially same as that 
of the devices of Example 1 . The steps of Example 1 
were followed except that all the film dots were produced 
by using Ink B and each of the film dots having a greater 
thickness was produced by applying three drops of Ink 
B three times, whereas each of the film dots having a 
smaller thickness wais produced by applying a single 
drop of Ink B. 

When obsewed through an SEM and driven to op- 
erate for electron emission, it was found that the elec- 
tron-emitting devices were substantially same as their 
counterparts of Example 1. 

[Examples 4 and 5] 

The steps of Examples 1 and 2 were folbwed ex- 
cept that head bodies (with no Ink) of Bubble Jet Printer 
Heads (Trade Name: BC-01 . available from Canon Inc.) 
were used for the ink-jet apparatus. The produced elec- 
tron-emitting regions were similar to those of Exannples 
1 and 2 in temis of profile and electron -emitting perform- 
ance. 

[Example 6] 

As in the case of Example 1 , paired device elec- 
trodes and wires were arranged on a quartz substrate. 
Then, a single dot of Ink A was formed on each pair of 
device electrodes. The device electrodes of each pair 
were separated by a gap of 20^m and the ink-jet appa- 
ratus was so regulated to produce a dot having a diam- 
eter of 40pni on each pair of device electrodes 

Since it had been found that the electron-emitting 
region of an electron -emitting device can be formed 
along an edge of one of the paired device electrodes 
with certainty if the dot of electroconductivo film has 
widths at the corresponding edges of the device elec- 
trodes that satisfy the relationship of (w/W2)^, the dot 
was formed in such a way that the center of the dot is 
displaced from the center line of the gap between the 
device electrodes by 7.5pjn toward the device electrode 
2. Geometrically, (w^/w2)^.05 under this condition so 
that the above requirement was satisfied. If the dot was 
displaced less, the positional controllability of the elec- 
tron-emitting region is reduced. On the other hand, if the 
dot was displaced further, the value of W2 decreases 
rapidly to consequently reduce the length of the elec- 
tron-emitting region and hence the rate of emission of 
electrons. Therefore, the dot should not be displaced 
disproportionally. When observed through an SEM as in 
the case of Example 1 , all th electron-emitting devices 
showed an electron-emitting region formed along the 
corresponding dge of th d vice electrod 3 in an in- 
tended manner. When test d for electron emission, the 
I of th electron-emitting devices showed a dispersion 



of 10%. 

[Comparative Example 3] 

s In this example, an image-forming apparatus was 
prepared as in the case of Example 6 except the center 
of each dot was placed on the center line of the gap sep- 
arating the device electrodes. It was found that the elec- 
tron-emitting region was meandering greatly in the gap 
between the device electrodes. The le of the electron- 
emitting devices showed a dispersion of 14%. 

[Example 7] 

This example resembled to Example 6 but the gap 
separating each pair of device electrodes was 30^m and 
five dots were having a diameter of BO^m were pro- 
duced on each pair of device electrodes. The center of 
each dot was displaced by ll^m from the center line of 
the gap separating the device electrodes. The five dots 
were arranged along a line perpendicular to a line con- 
necting the pair of device electrodes and any adjacent 
dots were separated by 30p.m. White the electroconduc- 
tive thin film formed by the dots covered the related edg- 
es of the devk;e electrodes to a substantially same ex- 
tent as a whole, it showed different film thickness along 
the edges because the dots were overlapping to a great- 
er extent along the edge of the device electrode 2. 

When observed through an SEM after an energiza- 
tion forming process as in the case of Example 6, all the 
electron-emitting devces showed an electron-emitting 
region formed along the conresponding edge of the de- 
vice electrode 3 in an intended manner. An image-form- 
ing apparatus was prepared by using the electron -emit- 
ting devices and tested for electron emissk)n to see that 
the le of the electron-emitting devices showed a disper- 
son of 8%. 

[Example 8] 

Each of the electron-emitting devices prepared in 
this exannple had a configuration as schematically illus- 
trated in FIGS. SAandSB. The following electroconduc- 
tive film producing inks were used for this example. 

Ink C: An aqueous solution of tetrammineplatinum 
(II) nitrate with a metal concentratbn of 2wt%. 
Ink D: Same as Ink A (PAME) 

Step1: 

After fully washing a quartz substrate and drying it. 
a plurality of device electrode pairs 2 and 3 of R were 
formed by offset printing. Th ink used here was R r s- 
inate paste. After forming the device lectrodes to a de- 
sired profile, they were dried at 70°C and baked at 
580'C in the atmosphere to produce the device elec- 
trodes having a thickness of about lOOnm, the devk;e 
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ele^ctrodes of each pair being separated by a gap of 
30|im. Each electron-emitting device was independent- 
ly formed and not provided with matrix wiring ■ 

Step 2: 

The two inks were loaded into the respectrve printer 
head bodies (with no ink) of bubble jet printers (Trade 
Name: BC-01, available from Canon Inc.) and applied 
to the substrate. Then, dots 4-1 and 4-2 of Rland PdO 
were produced by heating the applied inks at SOO^C in 
the atmosphere for 10 minutes. 

Step 3: 

The electron-emitting devices were placed in a vac- 
uum apparatus having a configuration as schematically 
illustrated in FIG. 8 and the inside the vacuum chamber 
was evacuated to a pressure level of 1 .3x10^Pa before 
applying a pulse voltage to them to carry out an ener- 
gization forming process as in the case of Example 1 . 

Step 4: 

Then, acetone was Introduced Into the vacuum 
chamber through a gas feed line to produce a pressure 
of 1 .3x10"^ Pa. Then, an activation process was carried 
out by applying a rectangular pulse voltage having a 
wave height of 18V, a pulse width of 100 ^sec. and a 
pulse interval of 100 msec, to each pair of device elec- 
trodes. The application of the pulse voltage was termi- 
nated when fluorescent light was observed, indicating 
that the increase of the device current got to a saturation 
level 30 minutes after the start of the activation process. 
The inside of the vacuum chamber was evacuated 
again. 

Step 5; 

The vacuum chamber was continuously evacuated, 
heating the chamber by means of a heater to nnalntain- 
Ing the temperature to 200^0 until the pressure fell to 
2.7x1 0'Spa in 10 hours, when the heater was tumed off 
to gradually coot the vacuum chamber. 

Each of the prepared electron-emitting devices was 
tested for electron emission by applying a rectangular 
pulse voltage having a wave height of 16V. The device 
and the anode were separated by a distance of 4mm 
and the anode voltage was 1 kV. 

After completing the test on all the devices, it was 
found that the le of the electron-emitting devices 
showed a dispersion of 7%. When observed through an 
SEM after the test, it was also found that an electron - 
emitting r gion had been formed along the corr spend- 
ing edg of the device lectrode 3 in each device. 



[Comparative Example 4] 

In this example, electron -emitting devices were pre- 
pared by following the steps of Example 8 except all the 

5 dots were produced simply by means of Ink D. The pre- 
pared electron-emitting devices were tested in a similar 
manner. The le of the electron-emitting devices showed 
a dispersion of 14%. When observed through an SEM 
after the test, it was found that the electron-emitting re- 

^0 gton was largely meandering in each device as in the 
case of Comparative Example 1 . 

[Example 9] 

IS In this example, the following electroconductive film 
producing inks were used. 

Ink D: Same as Ink A (FAME) 
Ink E: An aqueous solution obtained by dissolving 
a 1.28g of palladium ac6tate-bis(N-butyleth- 
anolamine) (PADBE) into a 12g of water (metal con- 
centratbn of 2wt%). 

The thermal decomposition process of the two inks 
were preliminarily observed by heating them in the at- 
mosphere. The PAME was decomposed to produce 
metal palladium at or around 170°C and started produc- 
ing PdO at 280**C, whereas the PADBE started decom- 
position at or around 1 45**C to produce metal palladium 
and totally tumed into PdO at 255**C. 

Metal Pd is supposed to become PdO at a same 
temperature regardless of the starting material. The rea- 
son for the above difference in the temperature of pro- 
ducing PdO may lie in the fact that the metal Pd earlier 
produced from the starting Pd compound of one of the 
inks is subjected to a heat-treatment for a longer period 
than the metal Pd produced later from the Pd compound • 
of the other ink and that the metal Pd from one of the 
inks and the metal Pd from the other ink probably were 
microscopically different from each other and therefore 
showed different reaction speeds. 

A plurality of pairs of device electrodes of Au were 
formed on a thoroughly washed and dried quartz sub- 
strate. The device electrodes of each pair were sepa- 
rated from each other by 20|im. 

Four dots 4-1 of Ink E and also four dots 4-2 of ink 
D were formed between the device electrodes of each 
pair as in Example 8 and then subjected to a heat-treat- 
ment at 270°C for 1 0 minutes to produce an electrocon- 
ductive film 4. In this example, the four dots of each ink 
were arranged along a line perpendicular to a line con- 
necting the device electrodes so that any adjacent dots 
partly overlapped each other, in other words, the dots 
were arranged substantially similar to thos of FIG. 2A. 

Th reaft r. they were subjected to an nergization 
fonming process and an activation process as in Exam- 
ple 8, although the pressure of aceton was h Id to 
lxlO-2paandthe wav height f the applied pulse volt- 
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agte was raised from OV to 14V at a rat of 5V/min. and 
then held to 14V. 

After evacuating the vacuum chamber for 1 0 hours, 
maintaining the temperature to 200*C. the heater was 
turned off to gradually cool the vacuum chamber. s 

The prepared devices were tested for the perform- 
ance of electron emission to obtain a result similar to 
that of Example 8. When obsen^ed through an SE M after 
the test, it was found that the electron-emitting region 
had been produced along the corresponding edge of the io 
device electrode 3 in each device as in the case of Ex- 
ample 6. 
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[Example 10] 

In this examples, the following electroconductive 
film producing inks were used. 



Ink D: Same as Ink A (FAME) 

Ink F; An aqueous solution obtained by dissolving 20 
a 0.84g of palladium acetate-di(N-butyleth- 
anolamine) (PABE) into a 12g of water. 

In a heat-treatment conducted in the atmosphere, 
it was found that the PABE was decomposed at 1 45*C 25 
to produce metal Pd, all of which tumed into PdO at 
245*»C. 

Each of the electron -emitting devices prepared in 
this example had a configuration substantially same as 
that of FIG. 3A. In other words, the film dots of the center 30 
column were fomied by Ink R whereas the dots of the 
other columns were formed by Ink D. As In the case of 
Example 8. each dot was formed by means of an ink-jet 
apparatus, heat-treated at 260*C in the atnDosphere for 
10 minutes. Subsequently, they were subjected to en- 3S 
ergization forming and activation processes and then 
placed in a vacuum chamber to test the electron -em it- 
ting performance thereof, evacuating the vacuum cham- 
ber in order to realize an elevated degree of vacuum. 
The obtained result was similar to that of Example 8, 40 

After the test, each device was observed through 
an SEM to find that an electron-emitting regton had been 
formed substantially at the center of the electroconduc- 
tive film. 
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[Example 11] 



Each of the electron-emitting devices prepared in 
this example had a configuration substantially same as 
their counterparts of Example 9. so 

In this example, the following electroconductive film 
producing inks were used. 

Ink G; An aqueous solution obtained by dissolving 
palladium acetate-monobutanolamine (PAf^B) into bs 
water to show a metal concentration of 2wt%. 
Ink H: An aqueous solution obtain d by dissolving 
palladium acetate-bis(N,N-diethylethanolamine) 



(PADEE) into water to show a metal concentratksn 
of 2wt%. 

In a heat-treatment conducted in the atmosphere to 
see the thannal decomposition of the palladium com- 
pounds, it was found that the PAMB was decomposed 
at or around 1B0'*C to produce metal Pd, which turned 
into PdO at 260"C , whereas the PADEE was decom- 
posed at 140°C to produce metal Pd, which turned into 
PdO at230'»C. 

Electron-emitting devices were prepared as in Ex- 
ample 9 by heat-treating them to produce electrocon- 
ductive films at 240<*C in the atmosphere for 10 minutes. 
After energization forming and activation processes, 
they were put into a vacuum chamber, which was then 
evacuated to see the electron -emitting performance. 

The result of the test was similar to that of Example 
9. When observed through an SEM, the devices were 
found to be similar to their counterparts of Example 9. 

[Example 12] 

The devices prepared in this example were similar 
to those of Example 10. In this example, the following 
electroconductive film producing Inks were used. 

Ink I: An aqueous solutbn obtained by dissolving 
palladium acetate-monopropanolamine (PAI\^P) in- 
to water to show a metal concentraton of 2wt%. 
Ink J: An aqueous solution obtained by dissolving 
palladium acetate-bis(N,N-dlmethylethanolamlne) 
(PADEE) into water to show a metal concentratbn 
of 2wt%. 

By looking into the thermal decomposition behavior 
of the inks. It was found that the PAMP was decomposed 
to produce metal Pd at or around ieo**C and tumed into 
PdO at 270°C. On the other hand, the PADME was de- 
composed to produce metal Pd at 1 20''C and turned into 
PdO at 230°C. Electron-emitting devces were prepared 
as In Example 10 and heat-treated at 240*C In the at- 
mosphere for 10 minutes. After carrying out energiza- 
tion forming and activation processes as in Example 9, 
the devices are placed in a vacuum chamber, which was 
then evacuated to see the electron-emitting perform- 
ance of the devices. 

The obtained result was similar to that of Example 
9. When obsen^ed through an SEM, the devices were 
found to be similar to their counterparts of Example 9. 

[Example 13] 

A pattern of paired devtee electrodes was fonned 
on a thoroughly washed quartz substrate by offset print- 
ing using platinum resinate paste and dried at 70°C. 
Tliereafter, they wer bak d at about 580'C to produce 
a plurality of pairs of device lectrodes made of R, 

Subsequently, a 1wt% aqueous suspensran of fur- 
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nace black (HAF. average particle size - 30nm) which is 
fine carbon particles (containing additionally a surface 
active agent by 0. 1 wt% to improve the dispersibility) was 
loaded into an ink-jet apparatus and applied in drops to 
the substrate to bridge each pair of device electrodes. 
The dispersed solution of fine carbon particleis was at- 
tracted and slightly atjsorbed by the device electrodes 
that had been fomrted by baking the paste. Tfiereafter, 
the solution was dried at lOO'C for 10 minutep. 

Subsequently, Ink K obtained by dissolvinb palladi- 
um acetate monoethanolamine (PAME) into a solution 
containing water by 70wt% and isopropanol (IPA) + eth- 
ylene glycol + polyvinyl alcohol (PVA) by 30wt% to a 
metal concentratbn of 1wt% was applied to the sub- 
strate by means of an ink-jet apparatus and baked at 
300*»C for 10 minutes. Under this condition, the Pd at- 
oms located in the vicinity of the device electrodes each 
device where carbon partkiles were existent were not 
oxidized and rennalned as metal Pd because of the re- 
ducing effect of carbon. On the other hand, the Pd atoms 
located in the central area of the gap separating the de- 
vice electrodes were oxidized to become PdO because 
sufficient carbon particles were not there. The PdO In 
the central area had a resistivity greater than that of the 
metal Pd near the device electrodes and produced a 
compositional latent image. 

After carrying out energization forming and activa- 
tion processes in a vacuum chamber as in Example 8, 
the devices are placed in a vacuum chamber, which was 
then evacuated to a high degree of vacuum to see the 
electron-emitting performance of the devices. The I e of 
the electron-emitting devices showed a dispersbn of 
6%. When observed through an SEM. the electron -em it- 
ting region of each device was found in the mkldle of the 
gap separating the device electrodes with very little me 
andering. 
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vice electrodes or Au were produced by photolithogra- 
phy. 

The following electroconductive film producing inks 
were used. 

Ink L: An aqueous solution obtained by dissolving 
nickel (II) acetate into water to show a metal con- 
centratbn of 2wt%. 

Ink M: An aqueous solution obtained by dissolving 
chromium (III) acetate into water to show a metal 
concentration of 2wt%. 



Stepi: 

^5 Devices, each having a configuration as schemati- 
cally shown in FIGS. 6A and 6B. were prepared. Refer- 
ring to FIGS. 6 A and SB, dot 4-1 and dot 4-2 were formed 
respectively by Inks L and M. The ink discharging oper- 
ation was so controlled that the dot 4-1 had a metal Ni 

^0 film thickness of 40nm and the dot 4-2 had a metal Cr 
film thickness of lOnm. 

Step 2: 

25 The devices were heat treated at 400'C for 1 0 min- 
utes in an atmosphere where a mixture gas containing 
Ar by 98% and Hg by 2% was flowing to decompose the 
metal compounds into respective filmy metals. Thereaf- 
ter, the temperature was raised to SOO'C, which was 

^ maintained for 1 hour and then gradually towered in or- 
der to produce an alloy of Ni and Cr at the intersecting 
area of the dots in each device. 



Step 3: 
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[Example 14) 

The steps of Examples 1 3 were followed except that 
a soda-lime glass substrate was used and the carbon 
fine particles were replaced by platinum carbon fine par- 
ticles, that had been prepared by causing cartjon fine 
particles with an average particles size of 30nm to ad- 
sorb platinum chloride, drying them and reducing at 
700*'C for 4 hours. 

Subsequently, drops of Ink K were applied to the 
substrate and baked to produce a electroconductive film 
having a composrtbnal latent image for each device as 
in Example 1 3 and, thereafter, the devbes were subject- 
ed to energization fomiing and activation processes. 
The le of the electron-emitting devices showed a disper- 
sion of 5%. The result of obsen^ation through an SEM 
was similar to that of Example 13. 

[Example 15] 

A quartz substrate was used in th example and de- 



The devices were subjected to energization forming 
and activation processes as in Example 8 and the de- 
vbes are placed in a vacuum chamber at 200<'C, which 
was then evacuated to a high degree of vacuum. 
^ The prepared devices were tested for electron - 
emitting perfomnance as in Exannple 8 to find a disper- 
sbn of 11% in the le of the electron-emitting devices. 
When observed through an SEM, it was found that a 
slightly meandering electron-emitting region had been 
45 formed at the intersecting area of the two dots in each 
device. 

The electron-emitting region meandering to such a 
slight extent may be attributable to that the alloy of Ni 
80% and Cr 20% represents a typical chromium altoy 

^ composition and shows a resistivity greater than that of 
Ni or Cr by a magnitude of three digits so that it may 
vigorously generates heat when electrically energized 
in an energization forming process to produce an elec- 
tron-emitting region only ther . Metal Cr and metal Ni 

55 respectively have a bcc crystal structure and an fee crys- 
tal structure and th altoy with the abov compositbn 
shows a structure resembling to that of Ni and th refore 
it may be same to pr sume that the int rfac of the alloy 
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antf the mstal Cr is mechanically not strong. In other 
words, the interface of the alloy and the metal Cr may 
trigger the formation of an electron-emitting r gion in the 
energization forming process. 

5 

[Advantages of the Invention] 

As described above in detail, an olectroconductive 
thin film having a staictural or compositional latent im- 
age can be produced by a method of manufacturing an io 
elebtron-emitting device according to the invention and 
using an ink-jet apparatus. With the method of the 
present invention, the electron-emitting region that is 
produced in the olectroconductive thin film in the sub- 
sequent energization forming process can be position- is 
ally controlled to locate It at a desired position, be it in 
the middle of the gap separating the device electrodes 
or close to one of the device electrodes, and the mean- 
dering of the electron -emitting region can be minimized 
so that the prepared electron-emitting devices nr«y op- 20 
erate uniformly for electron emission. Additionally, if the 
device electrodes of each of the electron-emitting de- 
vice are separated from each other by a large gap in an 
image-forming apparatus that is comprised of the devic- 
es, a small bright spot can be formed on the fluorescent 2S 
film juxtaposed in the image-forming apparatus by the 
electron beam emitted from the electron-emitting de- 
vice. Therefore, such an image-forming apparatus Is 
highly ad adapted to displaying finely defined images. 
Still additionally, the display screen of the image-forming 30 
apparatus will be free from uneven brightness to further 
improve the quality of the images displayed on the 
screen. 

Finally, the use of an ink-jet apparatus broaden the 
choice of materials that can be used for producing elec- 3S 
troconductive thin film for the purpose of the Invention 
If compared with any known technques for producing 
latent images. 

For example, when a configuration similar to that of 
Example 1 is to be prepared by a patterning method 40 
which does not utilize the Ink jet technique, the following 
steps wouW be carried out. That is to say, a thinner one 
of the films is first formed and patterned, and thereafter, 
a patterning mask for the other thicker one of the films 
is formed over the thinner film already formed and pat- 4S 
temed, followed by application of an organic metal so- 
lution, then baking and lift-off operation for patterning. 
Since the above patteming mask is formed over the thin- 
ner film previously formed, the thinner film must have a 
fairly good adhesion to the substrate. In case the film so 
material is an oxide such as PdO as in Example 1 , such 
a good adhesion would be expected and therefore, the 
above steps would be successfully carried out. Also, in 
case the film material is metal Pd, patterning of a PdO 
film followed by reduction would successfully provide a BS 
desir d film pattern. However, in case of using R as a 
film material, the above steps couW not b adopted 
since oxidation of R is very difficult. Contrary to this, 



appropriate organic Pt compounds may by used for pat- 
tern formation using the Ink jet technique. 

In addition, in cas of preparing a configuration 
such as that of Example 15, the reason why alloying of 
the intersecting area of the dots can be easily carried 
out at a relatively lower temperature appears that the 
two cfcrts lie one upon another in their oxde forms and 
the alloying occurs upon thermal decomposition. If. on 
the other hand, the above alloying is to be effected by 
the conventional process using repeated film formation 
and patteming. for example, a NIO film must be first 
fomried and patterned and then, after formation of a Cr 
film and reduction of NIO to Ni. the intersecting area 
must be subjected to alloying. In this case, at the inter- 
secting area, Ni and Cr are piled as metal layers, suffi- 
cient diffusion must be ensured for alloying, thus requir- 
ing a time-consuming, high-temperature treatment, 
which is not always possible in light of heat resistance 
of the substrate. 



Claims 

t . A method of manufacturing an electron-emitting de- 
vice having a pair of device electrodes formed on a 
substrate, an electroconductive film connecting the 
device electrodes and an electron -emitting region 
formed in the electroconductive film characterized 
In that it comprises steps of; 

(1) applying an ink containing the material for 
producing said electrocorKjuctlve film to a pre- 
determined position of the substrate in the form 
of one or more than one drops by means an ink- 
jet apparatus; 

(2) drying and/or baking the applied drop(s) to 
turn the drop(s) into an electroconductive thin 
film; and 

(3) applying a voltage to the pair of device elec- 
trodes to fiow an electric current through said 
electroconductive film and produce an elec- 
tron-emitting region; 

said steps (1 ) and (2) being so conducted that 
the electroconductive film formed by said steps (1) 
and (2) have a latent image apt to produce an elec- 
tron-emitting region by the Joule's heat generated 
by the step (3). 

2. A method of manufacturing an electron-emitting de- 
vice according to claim 1 , wherein said latent image 
is a structural latent image fonned in an area that 
produces a high current density when an electric 
cun-ent is made to flow through th lectroconduc- 
tiv film In said step (3). 

3. A method of manufacturing an electron-emitting d - 
Vic according to claim 2, wherein said latent image 
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I is formed in an area of the electroconductive film 9. 
between the device electrodes having a film thick- 
ness snnaller than the rest of the lectroconductive 
film. 

5 

4. A method of man ufactu ring an electron-emitting de- 
vice according to claim 3, wherein said area of the 
electroconductive film having a smaller film thick- 
ness is formed for a latent image by using inks con- 
taining the material of the electroconductive film to io 

• different concentrations respectively for the area 
and the rest of the electroconductive film and that 
the ink containing the material at a higher concen- 
tration is applied to the area for producing a greater 10. 
film thickness in the form of one or more than one is 
drops whereas the ink containing the nnaterial at a 
lower concentration is applied to the area(6) for pro- 
ducing a smaller film thickness in the fomn of one or 
more than one drops. 

20 

5. Amethodof manufacturing an electron-emitting de- 11. 
vice according to claim 3, wherein said area of the 
electroconductive film having a smaller film thick- 
ness is formed for a latent image by differentiating 
the number of times of applying an ink containing 25 
the material of the electroconductive thin film be- 
tween said area and the rennaining area(s) and that 12. 
the ink is applied to said remaining area(s) for a 
number of times greater than the number of times 
of applying the ink to said area. 30 

6. A method of manufacturing an electron-emitting de- 
vice according to any of claims 3 through 5, wherein 
said ink is or said inks are applied in the form of dots 
and that the ratio of the thickness of the film dot{s) 3S 
for producing a greater film thickness to the thick- 
ness of the film dot(6) for producing a smaller film 
thckness is equal to or greater than 2. 

7. A method of manufacturing an electron-emitting de- 4o 
vice according to claim 2, wherein said latent image 
is formed by applying a drop or drops of the ink to 
form a film dot in such a way that the center of the 
film dot is displaced from the center line of the gap 
separating the devce electrodes and the width w^ 45 
of the film dot covering the related edge of one of 
the device electrodes is greater than the width Wg 
of the film dot covering the related edge of the other 
device electrode to produce a latent image along 
the edge of the device electrode with the smaller 50 
covered width W2. 

8. A method of manufacturing an electron-emitting de- 1 5. 
Vic according to claim 7, wherein the ratio of said 
widths of the dot is expr ssed by formula below. ss 



A method of manufacturing an electron-emitting de- 
vic according to claim 8, wherein, when said dot is 
substantially circular having a radius of R and the 
device electrodes are separated by a gap of L, the 
center of said dot being displaced from the center 
line of the gap by 5L. they satisfies the formula be- 
low. 



>2 



13. 



14. 



A method of manufacturing an electron-emitting de- 
vice according to claim 1 , wherein said latent image 
is produced in a portion of the electroconductive film 
made of a material having a resistivity greater than 
the material of the rest of the electroconductive film 
connecting the device electrode. 

A method of manufacturing an electron-emitting de- 
vice according to claim 10, wherein said portion of 
the electroconductive film is made of a metal oxide 
and the rest of the electroconductive film is made 
of a metal. 

A method of manufacturing an electron-emitting de- 
vice according to claim 11, wherein said portion 
made of a metal oxide is formed by applying an ink 
containing a compound of a first metal element and 
said rest of the electroconductive thin film is formed 
by applying an ink containing a compound of a sec- 
ond metal element, sakJ first metal element being 
apt to be more oxidized than said second metal el- 
ement. 

A method of manufacturing an electron-emitting de- 
vice according to claim 1 2, wherein said first metal 
element is Pd and said second metal element is R. 

A method of manufacturing an electron-emitting de- 
vice according to claim 11, wherein said portion of 
the electroconductive film made of a metal oxide 
and having a greater resistivity is formed by apply- 
ing an ink containing a first metal compound in the 
form of a drop or drops whereas the rest of the elec- 
troconductive film made of a metal is formed by ap- 
plying another ink containing a second metal com- 
pound in the form of a drop or drops, saki first metal 
compound having a thermal decomposition temper- 
ature tower than said second metal compound. 

A method of manufacturing an electron-emitting de- 
vice according to claim 14, wh rein said first m tal 
compound is selected from palladium acetate-bis 
(N-butylethanolamine), palladium acetate-di(N- 
butylethanolamin ), palladium acetat -bis(N,N-di- 
thylethanolamine) and palladium acetat -bis(N,N- 
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; dimethylethanolamine) and said second metal com- 
pound is selected from palladium acetat -monoeth- 
anol amine, palladium acetate-monobutanol amine 
and palladium acetate-monopropanol amine. 

5 

16. A method of nnanufacturing an electron-emitting de- 
, vice according to claim 11 , wherein a reducing sub- 
stance is disposed in a portion of the area for form- 

, ing the electroconductive film and the metal com- 
pound containing ink is applied to the area in the io 

' form of drops and baked to produce the metal of the 
metal compound on the portion carrying said reduc- 
ing substance and the oxide of the metal on the rest 
of the area. 

IS 

17. A method of manufacturing an electron-emitting de- 
vice according to claim 16, wherein eaid reducing 
substance Is carbon in the form of fine particles. 

18. A method of manufacturing an electron-emitting de- 20 
vice according to claim 16, wherein said reducing 
substance is platinum carbon in the form of fine par- 
ticles. 

19. A method of manufactu ring an electron-emitting de- 
vice according to any of claims 16 through 18, 
wherein a suspension containing fine particles of 
said reducing substance In a dispersed state is ap- 
plied to said portion by means of an ink-jet appara- 
tus. 30 

20. A method of manufacturing an electron-emitting de- 
vice according to claim 1 0, wherein said electrocon- 
ductive film Is formed by a dot of a first metal and a 

dot of a second metal in such a way that an alloy of 3S 
the metals is produced on the overlapping (Inter- 
secting) area of the dots and shows a resistivity 
greater than that of either of the metals by a mag- 
nitude of double digits so that a latent Image is 
formed in the intersecting area. 40 

21. A method of manufacturing an electron-emitting de- 
vice according to claim 20, wherein said first and 
second metals are respectively Ni and Cr and ni- 
chrome is produced in the intersecting area. 45 

22. A method of manufacturing an electron source com- 
prising a substrate, a plurality of electron-emitting 
devices arranged of the substrate, each having a 
pair of oppositely disposed device electrodes, an so 
electroconductive film connecting the device elec- 
trodes and an electron-emitting region formed In an 
area of the electroconductive film, and wires con- 
necting th electron-emitting devices, charact r- 
Izedinthatth e lectron -emitting devices ar formed ss 
by a method according to any of claims 1 through 

5, 7 through 18. 20 and 21. 



23. A method of manufacturing an image-forming ap- 
paratus comprising an electron source.prepar d by 
arranging a plurality of electron-emitting devices, 
each having a pair of oppositely disposed device 
electrodes, an electroconductive film connecting 
the device electrodes and an electron-emitting re- 
gion formed in an area of the electroconductive film, 
and wires connecting the electron -emitting devices 
on an substrate and an image-forming member 
adapted to emit light when irradiated with electron 
beams emitted from the electron source, said elec- 
tron source and sakJ Image-forming member being 
arranged in a vacuum envelope, characterized in 
that the electron source is formed by a method ac- 
cording to claim 22. 

24. A method of manufacturing an electron-emitting de- 
vice having a pair of device electrodes formed on a 
substrate, an electroconductive film connecting the 
device electrodes and an electron -emitting region 
formed in the electroconductive film characterized 
in that it comprises a step including a process of 
producing an electroconductive film for forming an 
electron -emitting region by applying a solutkxi con- 
taining the material of the electroconductive film to 
an area connecting said device electrodes in the 
form of drop(s) by means of an ink-jet system and 
a step of producing an electron-emitting region in 
the electroconductive film for forming an electron- 
emitting region.and an latent Image of the electron- 
emitting region is fonmed for the electron-emitting 
region in the electroconductive film during said 
process of applying the solution by means of an Ink- 
jet system. 

26. A method of manufacturing an electron-emitting de- 
vice having a pair of device electrodes formed on a 
substrate, an electroconductive film connecting the 
device electrodes and an electron-emitting region 
formed in the electroconductive film characterized 
in that it comprises a step Including a process of 
producing an electroconductive film for forming an 
electron -emitting region by applying one or more 
drops of a solution containing the material of the 
electroconductive film to an area connecting said 
device electrodes and a step of producing an elec- 
tron-emitting region in an electroconductive film 
formed from the applied solution. 
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FIG. 2B 
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FIG. 7A 
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FIG. 15 
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